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INTRODUCTION 

The  overall  objective  of  these  studies  is  to  develop  novel  therapeutic  approaches  to  breast 
cancer  by  understanding  the  requirements  for  successful  induction  of  anti-tumor  responses  using 
newly  defined  T  cell  epitopes.  The  use  of  peptides  mapping  immunogenic  epitopes  can 
overcome  limitations  in  the  use  of  whole  self-protein  or  biased  involvement  of  Th2  cells.  Our 
recent  studies  identified  an  immunodominant  CTL  CTL  epitope  on  HER-2(1).  Despite  the 
presence  of  specifically  reactive  CTL  with  epitopes  on  autologous  tumor,  the  disease  progresses 
suggesting  that  this  response  is  either  too  weak  or  suppressed.  An  approach  to  this  problem  is  to 
use  the  TH1  subset  of  CD4+  cells  to  induce  and  amplify  a  CTL  response  to  tumor  because  it  was 
implicated  in  the  regulation  of  anti-self  responses,  and  re-activation  of  pre-existent  CTL 
response. 

Thus,  a  novel  approach  to  induction  and  amplification  of  specific  tumor  effectors  in 
breast  cancer  is  to  re-activate  tumor  (self)  Ag  specific  Thl  cells.  The  relevance  of  Thl  and  CTL 
recognizing  defined  epitopes  is  four-fold:  (a)  Thl  cells  recognizing  epitopes  on  tumor  Ag 
provide  the  immunological  memory  for  activation  of  a  CTL  response  when  the  Ag  is  presented 
by  the  tumor  or  shed.  Since  the  same  MHC  class  II  molecule  associates  with  different  class  I, 
the  Thl  response  will  be  effective  for  multiple  CTL  epitopes  expressed  by  distinct  HLA,A,B,C 
types  (2,3).  (b)  The  ability  of  Th  peptides  to  induce  and  amplify  a  CTL  response  to  the  newly 
defined  epitope  E75(HER-2:  369-377)  will  establish  the  right  timing  for  a  therapeutic  response; 
(c)  Th  peptides  of  optimized  sequence  allow  activation  of  anti-tumor  responses;  Conversely 
other  sequence  changes  inhibit  a  chain  of  deleterious  responses;  (d)  the  use  of  defined  CTL  and 
Th  epitopes  allow  rational  design  of  specific  cancer  vaccines. 

During  our  previous  studies  we  identified  several  HER-2  peptides  which  induced 
proliferative  responses  in  healthy  donors  and  ovarian  cancer  patients  ( 4 ).  These  ovarian  cancer 
patients  had  advanced  disease.  We  wanted  to  examine  the  significance  of  these  epitopes  in 
breast  cancer  patients.  We  focussed  on  a  specific  group  of  patients,  breast  cancer  patients  that 
were  clinically  free  of  disease  at  the  time  of  study.  The  peptides  found  to  be  active  in  inducing 
proliferation  in  ovarian  cancer  patients  and  healthy  donors  were  tested  together  with  analogs 
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containing  sequence  motifs  for  binding  to  HLA  -DR4.  HLA-DR4  was  chosen  because  of  the 
recently  reported  association  between  HLA-DR4  and  favorable  prognosis  in  breast  cancer. 

This  study  aimed  to  identify  whether  cells  responding  to  such  HER-2  peptides,  by 
proliferation,  exist  in  the  peripheral  blood  of  these  patients,  and  if  they  exist,  then  they  can  be 
expanded  and  their  cytokine  pattern  can  be  characterized.  We  were  particularly  interested  in 
identifying  peptides  that  induced  TH1  responses  demonstrated  by  significantly  higher  levels  of 
IFN-y  secretion  than  of  IL-4.  Additional  objectives  of  these  studies  were  (a)  to  determine 
whether  the  responses  to  these  peptides  are  affected  by  the  presence  of  tumor,  i.e.,  responses  to 
which  peptides  are  suppressed  and  (b)  whether  we  can  induce  determinant  spreading,  i.e., 
expansion  of  responsiveness  to  other  peptides  by  primary  stimulation  with  the  helper  peptide. 

The  objectives  of  the  determinant  spreading  study  were  to  determine  whether:  (1) 
tolerance  of  cellular  responses  to  a  tumor  Ag  can  be  overcome  in  healthy  donors;  (2)  this  leads  to 
activation  of  responses  to  cryptic  epitopes;  and  (3)  a  Thl  response  can  be  elicited  by  consecutive 
or  alternative  stimulation  with  the  same  or  different  peptides.  We  found  that  primary  in  vitro 
stimulation  with  some  HER-2  peptides,  leads  to  spreading  of  proliferative  responses  to  other 
HER-2  peptides.  Spreading  of  these  responses  is  paralleled  by  secretion  of  significantly  higher 
amounts  of  IFN-  than  IL-4.  These  results  suggest  that  a  sequential  determinant  spreading  can 
be  achieved  by  stimulation  with  HER-2  peptides.  This  may  provide  a  basis  for  prediction  of 
determinant  spreading  for  therapeutic  intervention  in  developing  anti-tumor  vaccines. 
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MATERIALS  AND  METHODS 

Subjects.  Peripheral  blood  mononuclear  cells  (PBMC)  were  obtained  from  18  breast 
cancer  patients  and  6  healthy  volunteers.  All  patients,  with  one  exception,  were  clinically  free  of 
tumor  at  the  time  of  study.  Eleven  patients  had  pathologis  stage  I  disease,  5  had  stage  II,  and  1 
stage  3.  One  patient  (No.  16)  had  no  primary  tumor  yet  was  classified  as  having  breast  cancer. 
HER-2  staining  for  the  autologous  breast  tumors  was  performed  by  immunocytochemistry.  For 
determinant  spreading  studies,  peripheral  blood  was  collected  from  two  healthy  donors 
designated  as  Donor  A  (HLA-A2,  23,  B7.48,  DR7.  11.  DQ2.6)  and  Donor  B  (HLA-A11,  68, 
B51,  67,  DR13.  14,  DQ5,  6)  and  from  an  ovarian  cancer  patient,  designated  as  patient  A  (HLA- 
A24, 28,  B35,  W  6, 70,  Cw3,4,  DR11, 14,  DQ5). 

HLA  class  II  molecular  oligotyping.  Genomic  DNA  was  extracted  from  PBMC  as 
described  (5);  This  DNA  served  as  the  substrate  for  amplification  of  a  polymorphic  locus- 
specific  fragment  of  the  HLA  class  II  gene  by  polymerase  chain  reaction  (PCR).  For  the  -DQB1 
and  -DRB  loci,  the  flanking  primers  used  were: 

DRB-AMP-A:  5’CCCCACAGCACGTTTCTTG; 

DRB-AMP-B:  5’CCGCTGCACTGTGAAGCTCT; 

DQB-AMP-A:  5 ’CATGTGCTACTTCACCAACGG;  and 
DQB-AMP-B:5’CTGGTAGTTGTGTCTGCACAC. 

Because  of  the  large  number  of  HLA-DRB  alleles  and  the  numerous  shared  sequences 
between  different  alleles,  HLA-DRB  typing  was  carried  out  in  a  stepwise  manner.  First,  group- 
specific  HLA-DR  typing  was  performed  using  the  primers  DR-AMP-A  and  DR-AMP-B. 
Oligonucleotide  typing  of  this  PCR-amplified  DNA  allowed  discrimination  of  HLA-DR1,  -DR2, 
-DR3/6,-DR4,  -DR5  (-DRwll),  -DR7,  -DR8/12,  -DR9,  -DR10,  -DR52a,  -DR52b/c,  and  -Drw53. 
Since  there  are  numerous  variants  of  HLA-DR1,  -DR2,  -DR4,  -DR5  (-DRwll),  -DR6,  -DR8/12 
and  -DR52b/c,  further  discrimination  of  these  subtypes  required  a  second  PCR  using  group- 
specific  primers  plus  DRB-AMP-B.  They  include  DRB-AMP-1  for  the  HLA-DR1  group,  DRB1- 
AMP-2  or  DRB5-AMP-2  for  the  HLA-DR2  group,  DRB-AMP-3  for  the  HLA-DR3,  -DR5,  -DR6, 
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-DR8,  -DR12  group,  DRB-AMP-4  for  the  HLA-DR4  group,  and  DRB-AMP-52  for  the  HLA- 
DRB3  genes  of  the  HLA-DRw52  group.  The  sequences  of  the  primers  were  as  follows: 
DRB-AMP-1;  5’TTCTTGTGGCAGCTTAAGTT; 

DRB 1  -AMP-2;  5  ’  TTCCTGT  GGC  AGCCT  A  AGAGG; 

DRB5-AMP-2;  5  ’  CACGTTTCTTGC  AGCAGGA;  and 

DRB-AMP-4;  5 ’ GTTTCTTGGAGC AGGTTAAC; 

HLA-DRw5 2-associated  -DRB1  genes  (HLA-DR3,  -DR5,  -DR6,  -DR8,  and  -DR12 ):  DRB-AMP- 
3;  5’CACGTTTCTTGGAGTACTCTAC;  HLA-DRw52;  DRB-AMP-52; 

5’CCCAGCACGTTTCTTGGAGCT 


PCR  products  were  analyzed  by  electrophoresis.  The  amplified  DNA  was  blotted  to 
Hybond  N+  membranes  (Amersham,  Arlington  Heights  IL)  hybridized  with  y32P-ATP-labeled 
allele-sequence  specific  oligonucleotide  probes  (SSO).  HLA-DQB1  alleles  were  determined  by 
hybridization  with  probes  corresponding  to  variable  sequences  around  positions  23,  26,  37,  45, 
49,  57  and  70  of  the  HLA-DQB1  outermost  domain.  "Broad"  HLA-DR  groups  [HLA-DR1,  -DR2, 
-DR3/6,  -DR4,  -DR5  (11),  -DR12,  -DR7,  -DR8,  -DR9,  -DR10,  -DRB3*0101,  -DRB3*0201- 
*0301,  -DRB4*0101  (-DR53)]  were  determined  by  hybridization  with  oligonucleotide  probes 
corresponding  to  variable  sequences  around  positions  10, 28  and  37  of  the  HLA-DRB1  outermost 
domain.  Subtypes  of  HLA-DR1,  -DR2,  -DR3/5/6/8/12,  -DR4  and  -DRw52  were  determined  by 
hybridization  of  the  respective  group-amplified  DNA  to  oligonucleotides  corresponding  to 
variable  sequences  around  positions  28,  37,  57,  70  and  86  of  the  HLA-DRB1  outermost  domain. 

HER-2  peptide  selection.  Peptides  tested  were  selected  if  they  contained  the  T  cell  sites 
in  HER-2  predicted  by  the  computer  program  ANT.FIND.M,  the  general  binding  motif  for 
human  class  MHC-II  antigens,  and  the  anchors  for  a  number  of  MHC-class  II  antigens:  HLA- 
DR1,  -DR3,  -DR4,  -DR1 1,  and  -DQ7  (6,  7),  the  sum  of  whose  allelic  frequencies  covers  between 
75  -  100%  of  the  Americans.  The  general  peptide  binding  motif  for  various  human  MHC-class  II 
molecules  consists  of  a  position  1  (PI)  anchor,  i.e.  an  aromatic  or  large  aliphatic  residue  in  the 
first  3-5  amino  acids  close  to  the  N-terminus  and  other  major  but  less  essential  anchors  at  P4, 
P5,  P7,  and  P9  counting  from  the  PI  anchor  (7,  8).  Since  many  peptides  are  capable  of  binding  to 
many  different  MHC-class  II  molecules,  because  their  sequences  contain  overlapping  binding 
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motifs  for  MHC-class  II  molecules  (7,  8),  each  of  the  peptides  synthesized  contained  at  least  two 
of  three  anchors  for  each  HLA-DR  antigen,  and  the  main  PI  anchors  for  most  class  II  alleles 
(Table  II).  In  peptides  G88,  G89,  and  G90,  positions  P3  and  P4  are  occupied  by  hydrophobic, 
aromatic  followed  by  aliphatic  residues  in  that  order  to  facilitate  peptide  binding  in  different 
frames. 


The  binding  motifs  of  synthetic  peptides  may  differ  from  those  of  natural  ligands  because 
the  latter  incorporate  processing  constraints  in  addition  to  binding  requirements.  Thus  peptides 
were  synthesized  by  following,  when  possible,  the  common  motifs  for  all  MHC-class  II 
molecules  defined  by  pool  sequencing  of  naturally  processed  peptides.  The  sequences  of 
peptides  used  in  this  study  are  as  follows:  F12  (449-465)  GISJFLGLRSRELGSGL;  G88  (450- 
463):  IS  WLGLRSRELGS ;  F7  (776-789)  GSP7VSRLLGICL;  G89  (777-790): 
SP  YV  SRLLGICL;  F13  (884-899)  VPIKWMALESILRRRF;  G90  (886-898): 
IKWMALESILRRR.  In  F7,  F13  and  FI 4,  the  sequence  was  extended  to  include  Pro  (P)  N- 
terminal  to  either  the  Tyr  (Y),  (the  PI  anchor  for  HLA-DR1,  DR3,  DR4,  and  DQ7),  or  Trp  (W) 
(reportedly  by  the  PI  anchor  for  HLA-DR4  and  DR11).  For  comparative  studies  of  the 
responses  associated  with  HLA-DR4,  13-mer  analogs  of  FI 2,  F7  and  F13  G88,  G89  and  G90 
respectively  were  selected,  using  the  anchor  alignment  matching  the  standard  HLA-DR4/DR1 
helper  epitope,  influenza  HA  peptide  (HA:307-319).  The  predicted  binding  affinities  of  these 
peptides  for  HLA-DR4  (as  IC50)  according  to  Rothbard’s  algorithm  were  as  follows:  HA,  35 
nM,  G88,  180  nM,  G89,  987  nM,  and  G90,  219  nM  (9).  Peptides  13-16  residues  long  (Table  I) 
were  prepared  by  the  Synthetic  Antigen  Laboratory  of  M.D.  Anderson  Cancer  Center,  using  a 
solid  phase  method  as  previously  described  (10).  Their  identity  was  determined  by  amino  acid 
analysis.  Their  purity  was  93  -  97%  as  determined  by  HPLC.  Peptides  were  dissolved  in  PBS, 
aliquoted  at  2  mg/ml  and  stored  frozen  at  -20°C  until  use.  The  codes  used  to  identify  these  HER- 
2  peptides  in  this  paper  were  assigned  by  the  Synthetic  Antigen  Laboratory. 

Recombinant  intracellular  HER-2  domain.  The  HER-2/neu  intracellular  domain  (ICD: 
K676-V1255)  was  cloned  by  PCR  from  c-erbB-2  cDNA  (provided  by  Dr.  Jacalyn  Pierce,  NCI). 
The  ICD  was  expressed  in  E.coli  using  a  pET  vector  with  an  amino  terminal  His  tag.  The 
expression  of  ICD  protein  was  induced  with  IPTG  and  E.coli  pellets  harvested  after  an  additional 
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4  hours.  Recombinant  ICD  was  purified  from  inclusion  bodies  by  a  combination  of  Ni++  affinity 
chromatography,  size  exclusion  and  ion  exchange  chromatography.  The  purified  ICD  was 
greater  than  95%  pure  as  judged  by  PAGE  and  Western  analyses  (data  not  shown). 

Stimulation  and  propagation  of  T  cells.  Freshly  harvested  PBMC  from  breast  cancer 
patients  and  healthy  volunteers  were  isolated  by  Ficoll/Hypaque  centrifugation.  CD4+  and  CD8+ 
T  cells  were  isolated  from  the  plastic  using  non-adherent  fractions.  Cells  were  cultured  at  1  x 

lO^  cells/ml  in  RPMI-1640  (Gibco,  Grand  Island,  NY)  medium  with  10%  pooled  human  AB 
serum  and  antibiotics  in  2  ml  in  each  well  of  a  24-well  plate  (complete  RPMI  medium).  HER-2 
peptides  were  added  to  selected  wells  at  a  final  concentration  of  25  pg/ml.  In  other  wells,  PBMC 
were  stimulated  with  5  ug/ml  of  tetanus  toxoid  (TT),  25  ug/ml  HA  peptide,  PHA  at  a  final 
concentration  of  1:100  or  medium  alone.  After  6  days  of  stimulation  with  each  peptide,  cultures 
were  expanded  with  IL-2  (Cetus)  at  20  U/ml  for  the  following  week  (17,  3 1).  To  induce  antigen 
specific  T  cells,  the  cells  were  then  "rested"  for  3  -  4  days  by  culture  in  the  absence  of  IL-2. 
Then,  the  cells  were  stimulated  at  a  1:1  (stimulator:responder  ratio)  with  irradiated  (10.000  Rad) 
PBMC  and  pulsed  with  individual  peptides  for  at  least  90  min  at  37°C  before  addition  to  the 
cultures  as  described  (4).  Control  cultures  were  stimulated  with  the  same  number  of  PBMC  in 
the  absence  of  peptides.  For  expansion,  four  to  five  days  later  20  U/ml  IL-2  was  added  to  the 
cultures  for  seven  additional  days.  Surface  antigen  expression  was  determined  by  FACS  analysis 
using  a  FACSscan  (Beckton-Dickinson,  Sunnyvale,  CA)  with  a  log  amplifier.  CD3,  CD4  and 
CD8  antigen  expression  on  T  cell  cultures  was  determined  by  immunofluorescence  with 
corresponding  mAb  FITC-conjugated  (Beckton  Dickinson). 

Proliferation  assays.  For  proliferation  assays  100  pi  aliquots  were  removed  from  each 
well  of  the  24-well  plate  of  primary  cultures  after  4-6  days  as  described  (11).  Tetraplicate 
samples  were  cultured  in  a  96  well  plate  with  1  pCi  [^Hj-Tdr  in  a  final  volume  of  200  pi.  The 
cells  were  harvested  16  h  later,  and  the  radioactivity  counted  in  a  Beckman  LS3501  liquid 
scintillation  counter  (11).  A  positive  proliferative  response  was  defined  as  positive  when 
differences  in  cpm  values  between  cultures  that  received  peptides  compared  with  cultures  which 
did  not  receive  peptides  were  significant  by  the  unpaired  Student’s  t-test  (p  <  0.05).  Stimulation 
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indexes  (S.I.)  represented  the  ratio  between  the  mean  c.p.m.  of  the  cultures  stimulated  with 
peptide,  and  the  mean  c.p.m.  of  the  cultures  that  have  not  been  stimulated  with  peptide  (N.P.). 

Cytokine  production.  The  ability  of  PBMC  to  secrete  antigen-induced  IFN-y,  IL-4,  and 
IL-10  was  determined  by  culturing  the  PBMC  with  the  corresponding  peptides.  Supernatants 
were  collected  at  different  times  and  stored  frozen  at  -20°C.  The  cytokine  concentrations  were 
measured  by  double  sandwich-ELISA  using  the  corresponding  kits  provided  by  BioSource 
International  (Camariyo,  CA).  The  cytokine  assays  were  calibrated  with  human  recombinant 
IFN-y,  IL-4,  and  IL-10  to  detect  each  cytokine  in  the  range  of  15-1000  pg/ml.  The  following 
homozygous  B  cell  lines  were  obtained  from  the  American  Society  for  Histocompatibility  and 
Immunogenetics  Repository  (Baltimore,  MD)  and  used  as  APC  for  cytokine  secretion:  E418 
(DRB1*1502,  DRB5*0102,  DQA1*0102,  DQA1*0103,  DRB1*0601)  and  WT51  (DRB1*0401, 
DRB4*0101,  DQA1*0301,  DQB1*0302). 

Statistical  Methods.  Differences  in  proliferative  responses  were  analyzed  using  Student’s 
t-test  for  unpaired  samples.  Differences  in  frequency  for  class  II  alleles  were  assessed  using  the 
Cochran  Q  test  (32). 


RESULTS 

1)  Characterization  of  antigenic  HER-2  peptides  inducing  proliferative  and  IFN-y  responses  of 
PBMC  from  breast  cancer  patients.  To  identify  HER-2  peptides  that  induce  proliferation  of 
peripheral  blood  mononuclear  cells  from  breast  cancer  patients,  we  focussed  on  HER-2 
peptides  that  have  been  demonstrated  to  induce  proliferation  in  healthy  donors  and  ovarian 
cancer  patients  (1)  (Fisk,  et.,  Anticancer  Res.  17:  45-54,  1997  Appendix  A  attached).  These 
preliminary  studies  showed  that  three  HER-2  peptides  corresponding  to  positions  396- 
406(D122)  474-487  (F12),  777-789  (F7)  and  886-899  (F13)  were  able  to  induce  proliferation 
in  the  majority  (60  -  70%)  of  the  healthy  donors  tested.  Of  these  peptides,  F7,  and  FI  3  were 
also  able  to  induce  T  cell  proliferative  responses  more  frequently  (20  -  27%)  in  a  large  group 
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of  ovarian  cancer  patients  (n=25).  This  suggested  that  responses  to  such  peptides  are 
maintained  even  during  disease  progression. 

Since  both  healthy  donors  and  ovarian  cancer  patients  have  not  been  HLA-typed  it  was 
important  to  establish  whether  such  responses  are  preferentially  observed  in  association  with 
a  certain  HLA-type.  Since  cancer  vaccines  development  and  therapeutics,  it  is  more  likely  to 
be  effective  in  patients  that  are  in  early  stages  of  disease,  or  in  patients  that  are  free  of  disease 
after  surgery  and  chemotherapy,  we  decided  to  focus  these  studies  on  breast  cancer  patients 
that  are  disease  free.  Since  HLA-DR4  was  reported  to  be  associated  with  a  favorable 
prognosis  in  breast  cancer,  we  decided  to  include  a  significant  group  of  HLA-DR4+  patients. 
To  ensure  that  the  MHC-II  molecular  type  is  known,  all  patients  were  typed  for  both  HLA- 
DR  and  HLA-DQ.  This  was  possible  by  a  collaboration  with  Drs.  William  E.  Thompson  and 
Jeffrey  E.  Lee  from  the  Department  of  Surgical  Oncology.  As  described  in  the  Material  and 
Methods  Section,  this  molecular  approach  allows  precise  characterization  of  the  Class  II- 
MHC  phenotype  from  24  distinct  samples  (18  breast  cancer  patients  and  six  healthy  donors). 
The  results  of  this  typing  are  shown  in  the  attached  publication  (Tuttle,  et.al.  Clinical  Cancer 
Research,  4:2015-2024, 1998,  see  attached).  Table  II. 

To  identify  Her-2  peptides  that  induced  responses  in  these  breast  cancer  patients,  we  tested 
for  proliferation  induction  peptides  F7,  F13,  and  F14  in  the  same  experiment.  We  also 
generated  analogs  of  these  peptides  based  on  the  sequence  motifs  characteristic  for  peptide 
binding  to  HLA-DR4,  following  all  the  general  motifs  for  HLA-DR4,  (also  found  in  the 
sequence  of  the  standard  influenza  virus  hemagglutinin  (HA)  peptide  epitope  HA:307-319. 
It  is  important  to  note  that  the  sequence  of  one  of  these  peptides:  G89  (HER-2,  777-789), 
was  identical  with  that  of  F7  with  only  two  aminoacids  shifted,  one  N  terminal  and  one  C 
terminal. 

To  establish  whether  these  peptides  can  activate  T  cells,  we  determined  the  proliferative 
responses  to  these  peptides  over  a  six  day  interval.  Since  the  patients  immunoreactivity  is 
low,  we  determined  the  proliferative  responses  for  three  consecutive  days  (Days  4,  5,  and  6) 
after  stimulation.  We  considered  a  positive  response  when  the  cpm  in  each  of  the 
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quadruplicate  cultures  stimulated  with  peptide  was  higher  than  each  of  the  quadruplicate 
control  cultures  on  two  consecutive  days.  This  approach  was  introduced  to  identify 
responses  without  arbitrary  cut-offs  by  setting  as  threshold  a  specific  magnitude  of  the 
responses. 

In,  likely,  the  most  extensive  study  performed  on  the  responsiveness  of  breast  cancer  patients 
to  HER-2  peptides,  we  found  that  12  of  18  (66%)  of  the  breast  cancer  patients  responded  to 
at  least  one  HER-2  peptide.  Of  these  patients  ten  (55%)  responded  to  the  peptide  G89.  Of 
these  ten  responders  to  the  peptide  G89,  five  were  HLA-DR4+.  Therefore,  the  results  show  a 
potential  association  (7  of  9, 77%)  of  responses  to  G89  with  HLA-DR4  (Table  II). 

In  addition,  three  HLA-DR4-  patients  responded  with  significant  proliferation  to  F13. 
Responses  to  FI 3  and  its  shorter  analog  G90  were  observed  in  other  patients  which  shared 
HLA-DR7.  These  results  also  show  that  HER-2  peptides  can  induce  proliferative  responses 
even  in  patients  which  express  low  levels  of  HER-2  on  their  primary  tumors,  supporting  that 
cells  of  these  specificies  exist. 

To  address  the  significance  of  these  findings,  we  characterized  the  proliferative  and  cytokine 
responses  to  G89  in  a  breast  cancer  patient  and  a  healthy  HLA-DR4+  donor  in  parallel.  We 
found  that  G89  specific  T  cells  can  be  expanded  even  from  the  PBMC  of  the  healthy  donor, 
and  they  specifically  recognized  peptide  G89.  Furthermore,  these  cells,  both  from  the 
patients  and  from  the  healthy  donor  secreted  high  and  specific  levels  of  IFN-y  in  response  to 
G89.  In  contrast,  they  secreted  low  and  insignificant  levels  of  interleukin-4  (IL-4)  and 
interleukin- 10  (IL-10).  These  responses  appeared  to  be  peptide  induced  and  specific  for  the 
peptide  G89,  because  stimulation  in  parallel  in  the  same  conditions  with  the  peptide  G90  of 
PBMC  of  the  healthy  donor  lead  to  cells  that  secreted  high  levels  of  both  IFN-y  and  IL-10, 
suggesting  that  G90  may  be  a  cross  reactive  epitope.  (Tuttle,  et.al.  Clinical  Cancer  Research 
4,  2015-2024,  see  attached  and  Figure  1.  (Appendix). 

2)  Activation  of  proliferative  responses  of  T  cells  from  breast  cancer  patients  lymph  nodes  by 
HER-2  peptides. 
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Breast  Cancer  spreads  initially  through  the  lymph  nodes  (LN).  To  determine  how  the 
presence  and  absence  of  tumor  cells  affect  the  responses  to  G89,  we  identified  an  HLA-DR4 
patient,  from  whom  three  freshly  resected  lymph  nodes  (sections  of  nodes)  were  available. 
Tumor  was  present  in  one  node,  whereas  the  two  other  nodes,  proximal  and  distal  from  the 
first  lymph  node  were  free  of  tumor.  To  determine  the  effects  of  the  tumor  presence  on  the 
responses  to  HER-2  peptides,  the  three  lymph  nodes  were  processed  simultaneously,  and  the 
lymphocytes  from  each  LN  were  cultured  with  either  no  peptide  (NP),  as  negative  control,  or 
tetanous  toxoid  (TT)  as  positive  control,  FI 3  as  specifity  control  and  the  peptides  F7  and 
G89.  It  should  be  noted  that  F7  and  G89  differ  only  in  the  N  and  C  terminal  residues.  We 
found  that  by  comparing  the  stimulation  indexes,  responses  to  G89  were  lower  (1.9vs.  3.1, 
vs.  5.4)  in  the  LN  with  tumor  than  in  the  distal  LN,  suggesting  that  G89  reacting  cells  may  be 
preferentially  affected  by  the  tumor  or  tumor  secreted  factors.  The  ratio  between  S.I  in  the 
distal  LN  and  the  LN  with  the  tumor  was:  (5.4:1.9=2.84).  In  contrast,  responses  to  the  F7 
were  significantly  less  affected  by  the  tumor  (S.I  =  3.8,  vs.  4.5  vs.  5.4).  The  ratio  between 
S.I.  (F7)  in  the  distal  and  Tumor  LN  was  4,5:3.8=1.2  (Figure  2). 

To  determine  the  significance  of  these  proliferative  responses  with  respect  to  cytokine 
production  we  determined  the  levels  of  IFN.y  and  IL-4  secreted  by  LN  cells  pre-primed  with 
HER-2,  as  well  as  the  positive  control  tetanous  toxoid.  To  assure  that  the  results  are 
representative  of  the  frequency  of  the  producers  in  the  population,  equal  numbers  of  peptide 
stimulated  live  cells  were  used  in  each  experiment .  Thus,  the  results  were  not  affected  by 
the  different  rates  of  proliferation  previously  identified.  To  determine  the  cytokine  secreting 
potential  all  cells  were  stimulated  with  TPA  +  OKT3  mAC  as  we  described.  The  levels  of 
IFN-y  and  IL-4  are  shown  in  Figure  3A,  B. 

The  results  show  that  stimulation  with  HER-2  peptides  and  tetanous  toxoid  has  different 
effects  in  inducing  IFN-y  and  IL-4.  The  ratio  IFN-y:IL-4  in  the  unstimulated  and  F7 
stimulated  cells  was  similar  suggesting  that  although  F7  induced  higher  proliferation  did  not 
significantly  affect  the  balance  or  the  cytokine  secretion  potential  of  TH1/TH2  subsets.  In 
contrast,  peptides  FI 3  and  G89  induced  higher  IFN-y :IL-4  ratios  which  were  due  to 
decreased  IL-4  levels.  The  ability  of  stimulating  Ag  to  induce  different  levels  of  cytokine  is 
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also  illustrated  by  the  IL-4  levels  in  response  to  TT.  Thus,  our  results  show  that  the  IFN-y 
stimulation  effect  by  G89  is  sequence  specific  since  it  is  not  seen  with  the  overlapping 
peptide  F7.  The  results  also  confirm  the  ability  of  G89  to  induce  IFN-y  compared  with  the 
other  HER-2  peptides. 

Induction  of  determinant  spreading  by  the  HER-2  peptides 

We  first  tested  the  ability  of  PBMC,  from  donor  A,  to  respond  to  peptides  G88,  G89,  G90 
and  their  corresponding  longer  analogs  FI 2,  F7  and  FI 3.  The  MHC-class  II  phenotype  of  this 
donor  is  HLA-DR7/11,  HLA-DQ2,  6.  This  donor  was  chosen  because  we  have  seen  that  some 
breast  cancer  patients  respond  to  both  F7(G89)  and  F13(G90).  These  patients  expressed  HLA- 
DR7/1 1.  We  wanted  to  address  the  question  whether  stimulation  with  any  of  these  peptides,  can 
prime  the  T  cells  to  respond  to  the  same  or  other  peptides  on  secondary  stimulation.  The 
proliferative  responses  were  determined  after  both  five  and  six  days  after  the  primary 
stimulation.  This  was  made  to  assure  that  if  responses  are  observed  they  are  stable  and 
consistent  over  a  48-hour  period.  The  results  are  shown  in  Figure  4A,  B.  Neither  peptide 
induced  a  significant  proliferative  response  by  Donor  A  PBMC.  The  immunodominance  of 
peptide  F12  on  day  5  was  short  lived  and  not  detected  on  day  6  (Not  shown).  Therefore,  these 
HER-2  peptides  behaved  as  cryptic  determinants. 

To  address  the  possibility  that  the  anti-HER-2  peptide  responses  and  repertoire  diversifies 
in  peptide  primed  PBMC,  we  examined  the  specificity  of  the  HER-2  responses  two  weeks  after 
the  primary  stimulation  with  each  peptide.  We  focused  on  F7,  F12,  and  F13.  To  ensure  that  all 
the  repertoires  have  the  opportunity  to  expand,  all  cultures  including  the  control  PBMC  which 
have  not  been  stimulated  with  peptides  received  20U/ml  IL-2  for  4  days.  Afterwards  IL-2  was 
gradually  removed  over  five  additional  days,  and  the  responders  were  rested  by  being  cultured  in 
media  without  IL-2  for  two  additional  days.  Afterwards,  the  cells  were  restimulated  with 
autologus  plastic  adherent  PBMC  as  APC  pulsed  with  each  of  the  peptides  F7,  FI 2,  and  FI  3  or 
control  (no  peptide).  The  results  of  proliferative  responses  were  determined  again  on  days  5  and 
6  (Figure  4C,  D  respectively). 
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Strong  proliferative  response  were  recalled  by  peptides  F7  and  FI 3,  compared  with  the 
cultures  that  were  not  subjected  to  primary  stimulation  with  peptides.  Of  interest,  determinant 
spreading  could  be  observed  with  both  F7  and  FI 3,  but  FI 3  appeared  dominant  (Figure  4C).  A 
similar  pattern  of  responses  was  observed  by  determining  the  levels  of  proliferation  six  days  after 
restimulation  although  responses  to  both  F7  and  F13  decreased  as  indicated  by  the  SI.  F12  could 
recall  only  weak  responses  in  the  cultures  previously  stimulated  with  FI 3  but  at  lesser  extent  in 
the  cultures  stimulated  with  F3  and  FI 2.  These  results  show  that  unlike  F7  and  FI 3  there  is  a 
higher  degree  of  self-tolerance  to  F12  in  this  donor. 

The  observed  priming  to  formerly  “cryptic-self’  and  the  dominance  of  F7  suggest  a 
cytokine  mediated  reaction  that  may  assist  the  induction  of  a  second  and  third  round  of  priming 
to  cryptic  determinants  of  HER-2.  To  address  this  question  we  determined  the  levels  of  IFNy 
and  IL-4  in  F7F7,  F7F13,  F13F7,  and  F13F13  cultures  (Figure  5).  We  found  significantly 
higher  levels  of  IFNy  in  the  cultures  initiated  with  F7  and  recalled  with  F7  than  recalled  with 
FI 3.  In  contrast,  in  the  cultures  initiated  with  F13  the  recall  with  either  F7  or  with  F12  but  not 
with  FI 3  induced  higher  levels  of  IFNy,  supporting  an  increased  correlation  between  the 
and  IFNy  secretion.  In  all  these  cultures  the  levels  of  IL-4  were  significantly  lower  than  the 
levels  of  IFNy. 

To  address  the  question  whether  epitopes  F7,  FI 2,  and  FI 3  are  operational  in  other 
MHC-class  II  restriction  systems  we  tested  their  ability  to  stimulate  and  recall  responses  in  the 
Donor  B.  The  HLA-DR  phenotype  of  donor  B,  DR13,14  is  entirely  different  from  Donor  A. 
The  results  are  shown  in  Figure  6 A.  F7,  F12  and  FI 3  failed  to  recall  proliferating  responses  of 
PBMC  from  Donor  B.  This  suggests  that  the  ability  of  certain  HER-2  epitopes  to  induce  auto¬ 
immune  responses  may  be  evident  only  in  association  with  certain  MHC-types.  To  determine 
whether  the  stimulated  cells  secreted  cytokines,  we  determined  the  levels  of  IFN-y  and  IL-4  in 
the  same  conditions  as  for  the  Donor  A.  The  results  are  shown  in  Figure  B.  Although  in  both 
donors  the  levels  of  IFN-y  detected  at  the  primary  stimulation  were  minimal  (data  not  shown), 
the  IFN-y  levels  secreted  by  Donor  B  in  response  to  F7  and  F13  stimulation  in  any  order  were 
significantly  lower  than  the  levels  determined  from  Donor  A.  This  suggests  that  stimulation 
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induced  by  these  HER-2  peptides  in  Donor  B  may  be  both  minimal  and  not  sufficient  for 
determinant  spreading  and  repertoire  expansion. 

Similar  results  as  with  Donor  A  were  obtained  with  an  ovarian  cancer  patient  of  similar 
MHC-Class  II  Type.  We  used  in  this  study  an  ovarian  cancer  patient  because  she  was  available 
for  repeated  blood  withdrawal  (Proceedings  AACR,  1998,  A574,  Attached).  These  results 
indicate  that  determinant  spreading  can  be  induced  not  only  in  healthy  donors  but  also  in  cancer 
patients. 
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CONCLUSIONS 

(1)  We  found  that  PBMC  from  primary  breast  cancer  patients  respond  by  proliferation  in 
vitro  to  a  number  of  HER-2  peptides.  The  responding  population  consists  of  CD4+  cells, 
as  suggested  by  the  ability  of  the  responding  cells  to  secrete  IFN-y  in  response  to  these 
peptides  when  presented  by  MHC-class  II.  The  frequency  of  the  responses  was  higher 
for  G89  (56%)  than  for  the  other  peptides  tested,  suggesting  that  G89  may  represent  an 
immunodominant  epitope  in  the  group  analyzed.  Of  interest,  the  responses  to  G89 
appeared  to  associate  more  frequently  with  the  presence  of  HLA-DR4  (in  7/9  cases) 
suggesting  that  HLA-DR4  may  be  the  presenting  element. 

(2)  F7  and  G89  are  equal  in  length  but  differ  by  one  residue  at  their  N-  and  C-terminal  ends. 
This  suggests  that  the  epitope  formed  by  G89  in  vitro  when  used  at  a  concentration  of 
~10  pM  is  specifically  recognized.  The  frequency  of  responses  appeared  not  to  be 
related  to  the  binding  affinity  of  these  peptides  to  DR4.  The  predicted  binding  affinity 
of  G89  to  HLA-DR4  was  significantly  lower  than  that  of  peptides  G88  and  G89  of  the 
same  length.  T-cell  cultures  primed  with  peptide  responded  at  restimulation  by  secreting 
more  IFN-y  than  IL-4  and  IL-10,  suggesting  the  preferential  activation  of  a  Thl  response. 
This  response  was  apparently  not  directed  to  a  cryptic  HER-2  epitope  since  peptide- 
primed  cells  recognized  the  ICD.  Although  the  results  of  this  study  do  not  rule  out  the 
presence  of  cross-reactive  epitopes  with  G89  in  the  ICD,  it  should  be  mentioned  that  a  T 
cell  line  induced  by  stimulation  with  G90  (located  in  the  ICD,  at  amino  acids  886-898) 
showed  cross-reactive  recognition  with  the  ECD  epitope  G88  (450-462).  The  IFN-y 
response  to  ICD  of  G89-primed  T  cells  suggests  that  HLA-DR4  may  be  the  presenting 
element  for  a  naturally  processed  epitope  similar  in  structure  to  G89.  Since  HLA-DR4  is 
expressed  in  approximately  25%  of  humans,  this  epitope  may  be  an  important  peptide  for 
activation  and  regulation  of  T  cell  differentiation  toward  a  Thl  response.  It  may  also  be 
beneficial  for  CTL  activation  and  expansion. 

(3)  This  pattern  of  responses  raised  the  question  whether  the  G89-induced  Thl  response 
plays  a  protective  role,  during  tumor  spread  or  if  it  is  down-regulated  by  Th2  cytokines 
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subsequent  to  recognition  of  other  peptides  after  HER-2  overexpression.  Ongoing  studies 
in  our  laboratory  are  attempting  to  clarify  these  points.  Characterization  of  epitopes  that 
regulate  Thl  responses,  which  can  in  turn  control  the  spread  of  Thl/Th2  responses  by 
other  self-peptides,  may  have  important  implications  not  only  for  CTL  induction  but  also 
for  understanding  the  regulation  of  human  tumor  immunity.  In  this  direction,  we  found 
that  T  cells  from  lymph  nodes  infiltrated  with  tumor  show  decreased  proliferation  to  G89 
and  F13  compared  with  F7.  The  ability  of  LN  cells  to  respond  to  G89  increased  with  the 
distance  from  tumor.  This  raised  the  possibility  that  G89  specific  cells  may  be 
suppressed  or  energized  by  the  tumor  and  may  play  a  role  in  tumor  surveillance. 

(4)  During  ongoing  studies,  we  have  developed  as  APC,  dendritic  cell  (DC)  derived  from 
plastic  adherent  PBMC.  These  APC  are  currently  used  to  develop  CD4+  lives  from  breast 
cancer  patients  recognizing  the  epitope  mapped  by  G89.  In  preliminary  studies  (which 
are  not  included)  in  this  report,  we  found  that  stimulation  of  T  cells  with  the  CTC 
epitope  ETS  plus  the  helper  epitope  G89  induce  higher  levels  of  IFN-y  production  than 
each  peptide  above  suggesting  a  synergy  between  these  two  epitopes.  Furthermore,  we 
observed  that  G89  can  substitute  for  IL-12  regarding  IFN-y  induction.  Since  a  major 
problem  related  to  development  of  tumor  specific  CTL  relates  to  our  lack  of  ability  to 
induce  massive  CTL  expansions.  We  plan  to  investigate  the  ability  of  G89  to  upregulate 
CD4+  on  DC,  the  ability  of  IL-15  to  protect  CD4+  and  CD8+  cells  from  apoptosis. 
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APPENDICES 


Figure  1.  Cytokine  secretion  by  G89R,  G89L,  and  G90L  T  cells  (5  x  104  cells  each)  in 
response  to  G89  and  G90  respectively  pulsed  on  autologous  irradiated  PBMC  from  donor  3  (1  x 
105).  G88  was  used  as  control.  Between  70-80%  of  cells  had  CD4+  phenotype.  Cytokine 
secretion  by  G89R,  G89L  and  G90L  was  measured  in  the  same  experiment  as  described  in  the 
Materials  and  Methods.  IFN-y  IL-4  {77),  IL-10  *  Indicates  that  levels  of  this  cytokine 

were  below  the  sensitivity  of  the  assay  (2  pg/ml). 

Figure  2.  HER-2  peptide  induced  proliferation  of  LN  cells  from  a  breast  cancer  patient. 
(LN3)  tumor  indicate  that  breast  tumor  was  present  at  the  time  of  resection.  LN1  was 
macroscopically  tumor  free  and  closer  to  the  LN3  than  LN2  (designated  distal).  SI  indexes  were 
calculated  as  described  in  the  Materials  and  Methods.  LN  cells  were  stimulated  with  epitope  10 
pg/mlof  each  peptide  on  5/pg/ml  of  TT.  3H-TdR  was  determined  on  day  4  from  tetraplicate 
cultures. 

Figure  3A,  B.  IFN-y  (A)  and  IL-4(B)  secretion  by  LN3  stimulated  T  cells.  LN3  cells  were 
stimulated  with  the  corresponding  peptides  and  then  further  expanded  in  IL-2  for  1  week.  Equal 
numbers  (50,000)  of  cells  from  each  culture  were  stimulated  with  OKT3  +  TP  A  for  16  h  (as 
described  in  the  attached  paper,  (Fisk  et.  al.)  and  the  supernatant  collected  and  the  cytokine 
concentration  determined  by  ELISA. 

Figure  4.  HER-2  peptide  induced  proliferation  and  determinant  spreading  from  PBMC  of 
healthy  Donor  A  (A,  B).  Proliferative  responses  at  primary  stiumulation  on  day  5(A)  and  Day 
6(B).  (C,  D).  Proliferative  responses  at  the  secondary  stiumlation  of  primary  stimulated  cells  for 
5  days  (C)  or  6  days  (D).  The  symbols  on  the  upper  side  of  each  box  indicate  the  peptide  used 
for  primary  stimulation.  The  symbols  below  each  box  indicate  the  peptide  used  for  secondary 
stimulation. 


Figure  5.  IFN-y  and  IL-4  secretion  by  secondary  stimulated  PBMC  from  Donor  A. 
Autologous  plastic  adherent  APC  were  used.  Proliferation  levels  shown  in  Figure  4C. 
Supernatants  were  collected  on  day  4.  Note  the  high  IFN-y  levels  in  response  to  FI 3  — » 
F7. 

Figure  6A,  B.  Proliferative  and  cytokine  responses  of  PBMC  from  Donor  B.  (DR1101-) 
showing  both  lack  of  responsiveness  and  determinant  spreading.  Experimental 
conditions  and  symbols  designation  as  shown  in  Figure  4. 


Table  1  HER-2  peptides  used  in  this  study 

.  .  *  .  t  D,  -_„hrtrc  ^imilarlv  the  Val  Leu,  and  Met  italicized  in  positions  4  and  o  may 

The  Tyr  and  Trp  italicized  in  position  3  or  4  may  constitute  PI  anchors.  similar  y, 

constitute  PI  anchors.  _ _ _ _ _ _ _ “ 


also  constitute  PI  anchors. 

Peptide  code  Position 

HA  307-319 

Fi  2  449^464 

G88  450-462 

F14  474-487 

F7  776-788 

G89  777-789 

FI 3  884-899 

G90  886-898 


Sequence 
N  T 


Table  2  Summary  of  proliferative  responses  of  breast  cancer  patients  to  HER-2  peptides 
Significant  proliferative  responses  according  to  Student’s  t  test  are  designated  +.  Responses  not  significantly  different  from  those  in  control  are 
designated  All  patients  tested  showed  significant  proliferation  to  PHA  (data  not  shown).  The  allelism  of  the  HLA-DQ  has  been  determined  and 
is  listed.  Values  for  control  cultures  that  were  not  stimulated  with  peptides  (NP)  are  listed  as  C _ 
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Abstract.  Identifying  target  antigens  for  tumor-reactive  T  cells  is 
important  for  understanding  the  mechanisms  of  tumor  escape 
and  developing  novel  anticancer  therapies.  To  date,  mainly  CTL 
responses  from  tumor  infiltrating/  associated  lymphocytes 
(TIL/TAL)  to  peptide  antigens  have  been  investigated  in  ovarian 
cancer.  In  the  present  study,  the  ability  of  self-peptides  derived 
from  HER-2/neu  proto-oncogene  product  (HER-2)  to  stimulate 
proliferation  of  PBMC  from  healthy  donors  and  ovarian  cancer 
patients  has  been  assessed.  Peptide  sequences  from  HER-2 
containing  anchors  for  major  human  MHC-class  II  molecules 
have  been  identified.  These  peptides  induced  proliferative  and 
cytokine  responses  at  higher  frequency  in  healthy  donors  than 
ovarian  cancer  patients.  Four  HER-2  peptides  corresponding  to 
positions:  396  -  406,  474  -  487,  777  -  789,  and  884  -  899  were 


Abbreviations :  Cytotoxic  T  Lymphocytes,  CTL,  Position,  P;  T 
cell  receptor,  TCR;  HER-2/neu  proto-oncogene,  HER-2; 
stimulation  index,  S.I.;  standard  deviation,  SD,  TT,  tetanous 
toxoid. 
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able  to  stimulate  proliferation  of  a  larger  number  of  healthy 
donors  than  three  other  distinct  HER-2  peptides  449  -  464,  975  - 
987  and  1086  -  1098.  The  pattern  of  responses  of  twenty  five 
ovarian  cancer  patients  was  different  from  that  in  healthy 
donors.  T  cell  lines  were  developed  by  stimulation  with  peptides 
from  PBMC  of  an  ovarian  cancer  patient  who  showed  a  stable 
response  to  all  four  HER-2  peptides  for  over  six  months.  Each  T 
cell  line  was  different  in  its  ability  to  secrete  IFN-y  and  IL-10. 
These  results  demonstrate  (a)  that  self -peptides  from  HER-2  can 
stimulate  expansion  of  T  cells  in  both  healthy  donors  and 
ovarian  cancer  patients,  and  (b)  the  ability  of  different  peptides 
to  stimulate  secretion  of  different  cytokines  from  lymphocytes  of 
ovarian  cancer  patients.  These  results  may  be  important  for 
understanding  the  mechanisms  of  tolerance  and  autoimmunity 
in  human  cancers. 

The  HER-2/neu  proto-oncogene  product  (HER-2)  is  the 
target  of  autoantibodies  in  breast  cancer  (1)  and  of  cytotoxic 
T  lymphocytes  (CTL)  in  ovarian,  breast,  and  lung  cancer  (2- 
5).  Since  these  auto-antibodies  are  specific  for  the  native 
conformation  of  the  HER-2,  they  must  be  induced  by  the 
native  molecule.  HER-2  is  present  in  both  healthy  individuals 
and  cancer  patients.  Similarly  HER-2-reactive  CTL  are 
specific  for  a  number  of  epitopes  (2-5)  of  which  one  HER-2, 
369-377  was  found  to  be  immunodominant  in  our  studies  (5). 
These  CTL  were  isolated  from  lymphocytes  associated  with 
ovarian  tumors  in  {patients  with  advanced  disease  after  culture 
in  the  presence  of  IL-2.  This  suggests  that  CD4+  T  cells 
capable  of  helping  either  B  cells,  or  CD8+  CTL,  or  both  may 
be  present  in  the  cancer  patients.  This  raises  the  question  as 
to  whether  CD4+  T  cells  capable  of  recognizing  epitopes 
from  human  HER-2  are  also  present.  Previous  studies  have 
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Table  I.  Sequences  ofHER-2  peptides. 

•  PeptideCode  Position  Sequence3 


Fll. 

5- 19 

A 

L 

C 

R 

W 

G 

L 

L 

L 

A 

L 

L 

P 

P 

G 

D122 

396  -  406 

Q 

L 

Q 

V 

F 

E 

T 

L 

E 

E 

T 

F12 

449  -  464 

G 

I 

S 

w 

L 

G 

L 

R 

S 

R 

E 

L 

G 

S 

G 

L 

F14 

474  -  487 

T 

V 

P 

w 

D 

Q 

L 

F 

R 

N 

P 

H 

Q 

A 

F7 

776  -  789 

G 

s 

P 

Y 

V 

S 

R 

L 

L 

G 

I 

C 

L 

F6 

111  -  797 

G 

s 

P 

Y 

V 

S 

R 

L 

L 

G 

I 

C 

L 

T 

S 

T 

V 

Q 

F8 

832  -  851 

G 

M 

s 

Y 

L 

E 

D 

V 

R 

L 

V 

H 

R 

D 

L 

A 

A 

R 

F10 

975  -  997 

F 

s 

R 

M 

A 

R 

S 

P 

Q 

R 

F 

V 

V 

I 

Q 

N 

E 

D 

D100 

1086-1098 

F 

D 

G 

D 

L 

~~M 

G 

A 

A 

K 

G 

L 

F13 

884  -  899 

V 

P 

I 

K 

W 

M 

A 

L 

E 

S 

I 

L 

R 

R 

R 

F 

Potential  DR4  anchors  that  distinguish  between  DRB 1*0401/0404  and  DRB  1*0402  are  shown  in  bold.  Tyr  (Y)  and  Trp  (W)  residues  characteristic 
of  the  PI  anchors  for  DRB1*0401  and  DRB*0101  binding  motifs  (21)  are  italicized.  Prolines  for  protection  from  proteolysis  are  underlined.  Peptide 
F10  extends  a  potential  helper  epitope  after  the  CTL  epitope  C85  (the  sequence  is  underlined).  Both  DR4  allotypes  (DR4.1  and  DR4.2)  accept 
peptides  with  Leu,  lie,  Met,  Phe,  and  Val  as  PI  anchor  residues  (19). 


shown  that  CD4+  T  cells  with  specificity  for  HER-2  can  be 
identified  in  breast  cancer  patients  (1).  The  extent  and  the 
existence  of  autoreactive  T  cell  repertoire  to  HER-2  in  both 
healthy  humans  and  ovarian  cancer  patients  has  not  been 
previously  identified.  To  assess  the  specificity  of  these  T  cells 
and  identify  potential  targets  for  epitope-specific 
immunotherapy,  we  investigated  the  responses  to  HER-2  of  a 
group  of  patients  with  ovarian  cancer  subsequent  to 
chemotherapy  and  a  group  of  healthy  individuals. 

To  characterize  the  T  cell  response  to  HER-2  we  assessed 
a  number  of  T  cell  epitopes  of  HER-2  with  a  set  of  synthetic 
peptides  based  on  the  HER-2  sequence.  We  wanted  to 
identify  a  set  of  such  peptides  to  which  healthy  donors  and 
ovarian  cancer  patients  respond  by  proliferation  and 
determine  the  frequency  of  these  responses.  We  stimulated 
PBMC  from  twenty  five  ovarian  cancer  patients  and  fourteen 
healthy  donors  with  synthetic  HER-2  peptides.  PBMC  from 
each  donor  were  stimulated  individually  with  each  peptide, 
but  not  with  pooled  peptides.  The  general  pattern  of  response 
was  characterized  by  a  group  of  four  HER-2  peptides 
designated  as  D122:HER-2,396  -  406,  F7:HER-2:777  -  789 
F13:HER-2,884  -  899,  F14:HER-2,  474  -  487  which  induced  a 
significantly  higher  frequency  of  responses  than  the  other 
three  HER-2  peptides  designated  as  F10:HER-2,975  -  997, 
F12:449  -  464,  D100:HER-2,1086  -  1098  in  both  healthy 


donors  and  ovarian  cancer  patients.  The  frequency  of 
responses  to  most  HER-2  peptides  was  significantly  lower  in 
ovarian  cancer  patients  who  had  received  chemotherapy  than 
in  healthy  donors. 

T  cell  lines  were  raised  against  individual  HER-2  epitopes 
represented  by  peptides  F7,  F13,  F14  and  D122  from  PBMC 
of  an  ovarian  cancer  patient  by  restimulation  with  HER-2 
peptides  and  expansion  in  IL2.  These  T  cell  lines  showed  a 
different  pattern  of  IFN-y  and  IL-10  production.  F13  induced 
T  cells  secreted  significantly  higher  amounts  of  IFN-y  than 
IL-10  while  F7  and  F  14  induced  T  cells  secreted  significantly 
higher  levels  of  IL-10  than  F13  and  D122  induced  cells. 

Materials  and  Methods 

Cells.  Peripheral  blood  nononuclear  cells  (PBMC)  were  obtained  from 
fourteen  healthy  donors  and  twenty  five  ovarian  cancer  patients.  All 
patients  had  advanced  disease.  After  initial  surgery,  they  were  treated 
with  platinum  (cisplatin  or  carboplatin).  One  patient  was  receiving 
primary  platinum  based  chemotherapy.  The  other  twenty  four  patients 
had  received  additional  chemotherapy.  The  latter  was  either  carboplatin 
reinduction,  salvage  therapy  with  paclitaxel  or  experimental  therapy  with 
several  different  drugs.  Blood  collection  was  made  at  least  three  weeks 
after  the  last  chemotherapy  administration.  PBMC  were  isolated  from 
heparinized  peripheral  blood  as  described  (1,6).  At  the  time  of  the  assay 
the  patients  were  not  receiving  chemotherapy. 

HER-2  epitopes  selection.  Peptides  to  be  tested  in  the  proliferation  assays 
were  selected  based  on  the  T  cell  sites  in  HER-2  predicted  by  the 
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computer  program  ANT.FIND.M,  the  general  binding  motif  for  human 
class  MHC-II  antigens,  and  the  presence  in  the  sequence  of  anchors  for 
a  number  of  MHC-class  II  antigens:  HLA-DR1,  HLA-DR3,  HLA-DR4, 
HLA-DR11,  and  HLA-DQ7  (7-13).  The  sum  of  the  allelic  frequencies  of 
these  antigens  cover  approximately  100%  of  the  Caucasian  and  Hispanic 
populations  and  between  75  -  92%  of  the  African  American  and  Asian 
populations.  For  example  HLAD97  is  present  at  28%  (Caucasians)  23% 
(African  Americans),  and  at  43%  (Hispanics).  Similarly,  each  of  HLA- 
DR1,  DR3,  DR4  and  DR11  is  present  between  17  -  20%  in  each  of  the 
major  population  groups.  The  general  binding  motif  for  various  human 
MHC-class  II  molecules  consist  of  a  position  1  (PI)  anchor,  i.e.  an 
aromatic  or  large  aliphatic  residue  in  the  first  3  -  5  amino  acids  close  to 
the  N-terminus,  and  other  major  but  less  essential  anchors  at  positions  4, 
5  -  7,  and  9  counting  from  the  PI  anchor  (13).  A  large  number  of 
“promiscuous”  peptides  are  capable  of  binding  to  many  different  MHC- 
class  II  molecules  (13,  14),  because  their  sequences  contain  overlapping 
binding  motifs  for  MHC-class  II  molecules  (13,  14).  The  search  for 
specific  anchors  for  these  major  MHC-class  II  antigens  in  the  HER-2 
sequence  indicated  significantly  more  candidate  epitopes  for  binding  to 
HLA-DR1  (n  =  >20)  than  for  HLA-DR3  (n  =  11),  than  for  binding  to 
HLA-DR4,  HLA-DQ7,  and  HLA-DR11. 

Ten  HER-2  peptides  11-22  residues  long  (Table  I)  were  synthesized 
by  the  Synthetic  Antigen  Laboratory  of  M.D.  Anderson  Cancer  Center, 
using  a  solid  phase  method  as  previously  described  (2).  The  identity  of 
peptides  was  determined  by  amino  acid  analysis.  The  purity  of  peptides 
ranged  between  93  -  97%  as  determined  by  HPLC.  Peptides  were 
dissolved  in  PBS,  aliquoted  at  2  mg/ml  and  stored  frozen  at  -20 °C  until 
use.  The  codes  used  to  identify  these  HER-2  peptides  in  this  paper  were 
assigned  by  the  Synthetic  Ag  Laboratory.  To  ensure  better 
representation  of  different  binding  motifs  for  these  MHC  class  II 
antigens,  at  least  two  peptides  were  synthesized  containing  anchors  for 
each  of  HLA-DR1,  -DR3,  and  -DQ7.  When  possible  the  sequences  were 
selected  to  contain  anchors  for  two  MHC  class  II  antigens  (Table  I). 
Each  of  the  peptides  synthesized  contained  at  least  two  of  three  anchors 
for  each  HLA-DR  antigen,  as  shown  in  the  Table  I,  and  the  main  PI 
anchors  for  most  class  II  alleles.  In  peptides  D122,  F12,  F7,  F6,  F8  and 
F13,  positions  P4  and  P5  are  occupied  by  hydrophobic,  aromatic 
followed  by  aliphatic  residues  in  that  order  to  facilitate  peptide  binding 
in  different  frames. 

The  binding  motifs  of  synthetic  peptides  for  MHC-class  II  molecules 
may  differ  from  natural  ligands  because  the  latter  incorporate 
constraints  of  processing  in  addition  to  binding  requirements.  For  these 
reasons,  peptides  were  synthesized  by  following,  when  possible,  the 
common  motifs  for  all  MHC-class  II  molecules  defined  by  pool 
sequencing  of  naturally  processed  peptides  (7).  This  was  possible  for 
four  peptides,  F6,  F7,  F13  and  F14.  In  these  peptides,  the  sequence  was 
extended  to  include  Pro  (P)  N-terminal  to  either  the  Tyr  (Y),  which  is 
the  PI  anchor  for  HLA-DR1,  DR3,  DR4,  and  DQ7,  or  Trp  (W)  which  is 
reported  by  the  PI  anchor  for  HLA-DR4  and  DR1 1.  Peptides  F6  and  F7 
overlap  in  the  first  thirteen  residues.  In  F6  the  sequence  was  extended  at 
its  C-terminal  to  incorporate  a  region  783-797  previously  reported  to 
induce  proliferation  of  PBMC  from  breast  cancer  patients.  The  sequence 
of  F14  was  also  extended  to  include  Pro  at  the  C  terminus,  after  Arg  (R), 
the  third  anchor  in  the  correct  position  for  HLA-DR3  and  HLA-DR1  1. 
Sequences  were  also  extended  at  the  N-  and  C-termini.  This  was  made  to 
facilitate  the  natural  proteolytic  trimming  of  peptides  since  most 
aminopeptidases  stop  cutting  one  residue  before  reaching  a  Pro  residue 

(7). 

Stimulation  and  propagation  of  T  cells.  Freshly  separated  PBMC  from 
healthy  donors  and  ovarian  cancer  patients  were  stimulated  with  each 
HER-2  peptide  at  a  final  concentration  of  50  fig/ml  and  cultured  at 
1  x  10°  cells/ml  in  RPMI  1640  medium  (GIBCO)  with  5%  pooled 
human  AB  serum  and  antibiotics  (complete  RPMI  medium)  (1).  After  3 
-  4  days  of  stimulation  with  each  peptide,  cultures  were  expanded  with 
IA-2  (20  -  40  U/ml)  for  the  following  week  (15,  16).  To  induce  antigen 
specific  T  cells,  the  cells  were  then  “rested”  for  3  -  4  days  by  culture  in 


Figure  1,  Histograms  of  positive  blastogenic  responses  of  PBMC  from  (A) 
14  healthy  donors  and  (B)  25  ovarian  cancer  patients  to  seven  HER-2 
peptides  of  the  sequences  listed  in  Table  I.  The  Y  axis  indicates  the  fraction 
of  donors  with  a  positive  response  to  each  peptide.  A  blastogenic  response 
was  considered  significant  when  the  p  values  for  peptide  stimulated  vs. 
control  cultures  were  <0.05.  Stimulation  indexes  (S.I.)  were  obtained  by 
dividing  the  means  of  cpm  proliferation  of  PBMC  in  the  presence  of 
peptides  with  the  means  of  cpm  proliferation  in  the  absence  of  peptide.  S.  I. 
for  the  peptides  inducing  significant  proliferation  ranged  between  1.5-  3.0, 
while  for  the  peptides  that  did  not  induce  significant  proliferation  ranged 
between  0.9  -  1.2.  Proliferation  values  (cpm  +  SD)  are  shown  in  Figures  2 
and  3.  Peptides  F7  and  F13  elicited  the  most  positive  responses  in  PBMC 
from  both  healthy  donors  and  patients  (at  least  5  donors  positive  in  each 
group).  In  (B),  (*)  the  frequency  of  responses  to  F10,  F12,  and  D100 
respectively  were  as  follows:  F10:  H25,  FI 2,  H25  and  D100: 2125. 


the  absence  of  IL-2.  Then,  the  cells  were  stimulated  at  a  1:1 
(stimulator:responder  ratio)  with  irradiated  (10.000  Rad)  autologous 
PBMC,  which  had  been  first  stimulated  with  PHA,  expanded  in  IL-2, 
and  then  were  pulsed  with  individual  peptides  for  at  least  90  min  at  37 6  C 
before  addition  to  the  cultures  as  described  (16).  Control  cultures  were 
stimulated  with  the  same  number  of  IL-2  expanded  PBMC  in  the 
absence  of  peptides.  For  further  expansion,  four  to' five  days  later  20  -  40 
U/ml  IL-2  was  added  to  the  cultures  for  seven  additional  days. 

Proliferation  assays.  The  proliferation  assay  was  done  by  culturing  2 
x  105  PBMC  from  each  donor  in  quadruplicate  in  a  96  well  plate  in  200 
pi  with  each  peptide  at  50  pg/ml,  with  tetanus  toxoid  at  5  pg/ml  and  PHA 
(GIBCO)  at  a  final  concentration  1:100  for  96  h  as  described  (1, 16).  For 
the  last  16  h,  1  pCi  [3H]-Tdr  was  added  to  the  cultures.  Afterwards,  the 
cells  were  harvested  and  the  radioactivity  counted  in  a  Beckman  LS3501 
liquid  scintillation  counter  as  previously  described  (6).  A  significant 
proliferative  responsl  was  defined  as  a  statistically  significant  increase  in 
the  cpm  proliferation  in  the  tetraplicate  cultures  stimulated  with  any  of 
the  peptides,  PHA,  dr  TT,  above  that  in  cultures  from  the  same  donor 
that  received  peptide'.  Values  obtained  for  cpm  (3H-Tdr  incorporation) 
by  the  PBMC  incubated  with  PBS,  PHA  or  synthetic  HER-2  peptides 
were  examined  by  the  Student’s  t  test.  Differences  were  considered 
significant  when  the  P  values  were  <  0.05. 

i 

Flow  cytometry .  T  cells  were  tested  in  fluorescence  experiments  to 
determine  the  surface  antigen  expression  as  previously  described  (2,  6). 
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Figure  2.  Proliferative  responses  to  HER-2  peptides  by  PBMC  from  four 
healthy  donors  A,  B,C,D  determined  in  the  same  experiment.  Two 
responded  to  peptides  as  follows:  Donor  A  to  D  100,  D  122,  F13  and  F14; 
Donor  B  to  F7  and  F13.  Two  were  non-responders  (panels  C,  D).  Results 
indicate  cpm  ±  SD.  Dotted  lines  indicate  proliferation  corresponding  to  S.I. 
of  1.0  and  2.0  respectively.  *cpm proliferation  to  TT not  on  scale. 


Surface  antigen  expression  was  determined  by  FACS  analysis  using  a 
FACSscan  (Beckton-Dickinson,  Sunnyvale,  CA))  with  a  log  amplifier. 
CD3,  CD4  and  CD8  antigen  expression  on  T  cell  cultures  was 
determined  by  immunofluorescence  with  corresponding  mAb  FITC- 
conjugated  (Beckton  Dickinson). 

Cytokine  production.  The  ability  of  PBMC  to  produce  antigen  induced 
IFN-y  and  IL-  10  was  determined  by  culturing  the  PBMC  either  as 
unstimulated  or  stimulated  with  the  corresponding  peptides  or  PHA, 
(GIBCO)  diluted  1:100,  or  tetanus  toxoid.  Supernatants  were  collected 
after  48h  and  stored  frozen  at  -20  °C  until  assayed  for  cytokine  level. 
Cytokine  containing  supernatants  from  the  T  cell  lines  were  generated  by 
adding  OKT3  and  phorbol  myristate  acetate  (PMA)  to  the  cells  to  96 
well  plate  for  18h  as  described  (17,  18).  Afterwards,  supernatants  were 
collected  for  measurement  of  IFN-y  and  IL-10  levels.  IFN-y  and  IL-  10 
were  measured  by  double  sandwitch-ELISA  using  the  corresponding  kits 
provided  by  BioSource  International  (Camariyo,  CA).  Supernatants 


from  tetraplicate  wells  were  pooled  and  tested  in  triplicates.  The 
cytokine  assays  were  calibrated  with  human  recombinant  IFN-y  and  IL- 
10  to  detect  each  cytokine  in  the  range  of  10-1000  pg/ml. 

Results 

Proliferative  responses  of  PBMC  to  HER-2  peptides .  To  map 
the  HER-2  peptides  most  frequently  recognized  and  to 
identify  potentially  immunodominant  epitopes,  we 
determined  the  responses  to  individual  peptides  of  PBMC 
from  twenty  five  ovarian  cancer  patients.  Patients  previously 
treated  with  chemotherapy  were  allowed  on  this  study,  since 
immunotherapy  approaches  to  ovarian  cancer  are  usually 
initiated  after  conventional  therapies  thus  making  the 
responses  of  these  donors  more  likely  to  reflect  the 
responder  status  of  candidates  for  tumor-vaccine  therapies. 
Responses  of  PBMC  from  healthy  donors  to  the  same 
peptides  were  tested  in  parallel  in  the  same  experiment. 
Depending  on  the  number  of  PBMC  available  from  each 
ovarian  cancer  patient  a  minimum  of  four  peptides  and  PHA 
were  tested  in  the  same  experiment.  Results  are  summarized 
in  Figure  1.  Peptides  FI  1  (HER-2,  5-19)  (which  corresponds 
to  the  highly  hydrophobic  signal  area)  F6  (HER-2,  777-797) 
and  F8  (HER-2,  832  -  851)  were  not  easily  solubilized  in  PBS, 
thus  their  use  for  stimulation  was  discontinued  after  several 
assays.  PBMC  from  most  donors  were  tested  with  at  least  six 
peptides  in  each  experiment.  Each  donor  responded  to  some 
peptides  but  not  to  others.  The  lack  of  a  common  response  it 
is  not  entirely  suggesting  that  these  peptides  do  not  bind 
MHC  molecules.  A  negative  response  of  any  of  these 
peptides  could  also  reflect  T  cell  unresponsiveness 
(tolerance)  to  this  epitope. 

To  ensure  that  the  lack  of  responsiveness  of  PBMC  to 
HER-2  peptides  did  not  reflect  a  generalized  suppression  of 
responses  to  antigen  or  mitogen,  all  patients'  lymphocytes 
were  tested  for  their  ability  to  respond  to  PHA.  Of  29  patients 
tested,  28  showed  significant  responses  to  PHA  compared 
with  unstimulated  cultures.  All  PBMC  samples  from  healthy 
donors  showed  significant  responses  to  PHA  (data  not 
shown).  Together  these  results  indicated  that  most  PBMC 
from  the  ovarian  cancer  patients  with  advanced  disease 
respond  to  PHA  after  chemotherapy  and  that  their  ability  or 
failure  to  respond  to  HER-2  peptides  did  not  reflect  their 
ability  to  respond  to  a  T-cell  mitogen. 

The  frequency  of  responses  of  healthy  donor  PBMC  to 
four  peptides:  D  122,  F7,  F13  and  F14  was  higher  than  the 
frequency  of  responses  to  three  other  peptides,  F10,  F12,  and 
D100.  The  same  pattern  of  preferential  responses  to  F7  and 
F13  was  seen  in  PBMC  from  ovarian  cancer  patients  (Figure 
IB).  The  results  also  indicate  that  PBMC  from  ovarian  cancer 
patients  responded  at  a  significantly  lower  frequency  than 
healthy  donors  to  F7,  F13,  F14  and  D122.  However,  the 
decrease  was  not  the  same  for  all  peptides.  For  peptides 
D122,  F13,  and  F14  the  decrease  in  responses  in  PBMC  from 
patients  versus  healthy  donors  was  in  the  range  of  70%,  while 
for  peptide  F7  the  decrease  was  only  50%.  No  significant 
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changed  over  time,  responses  to  the  same  peptides  were 
determined  at  two  additional  time  points  over  five  months 
when  the  patients  were  not  receiving  chemotherapy.  PBMC 
from  Patient  A  showed  a  constant  high  level  of  responses  to 
at  least  two  of  the  four  peptides  tested,  but  PBMC  from  a 
nonresponding  patient  failed  to  proliferate  above  the  control 
levels.  The  same  PBMC  showed  significant  responses  to 
PHA.  It  should  be  mentioned  that  sixteen  months  after  the 
first  determination,  PBMC  from  the  same  Patient  A 
responded  primarily  to  F13  also  less  strongly  to  F7  (data  not 
shown).  PBMC  from  the  same  responding  patients  were 
tested  again  after  several  months  when  the  disease 
progressed.  At  this  time  significant  proliferative  responses  to 
HER-2  peptides  were  not  observed.  All  three  patients  that 
responded  to  both  F7  and  F13  had  stable  disease.  This 
suggests  that  disease  progression  affects  the  ability  of  PBMC 
from  cancer  patients  to  respond  to  HER-2  peptides. 


Figure  3.  Proliferative  responses  to  HER-2  peptides  of  PBMC  determined  in 
the  same  experiment.  (A)  ovarian  cancer  patient;  (B)  healthy  donor. 
Significant  differences  between  peptide  stimulated  and  no  peptide  cultures 
were  obseived  in  (A)  for  D122,  F7  and  F13  and  in  (B)  for  D122,  F13  and 
F14.  Dotted  lines  indicate  proliferation  conesponding  to  S.I.  of  2.0. 


responses  to  peptides  D100  (1086  -  1098),  F10  (975  -  987), 
and  F12  (449  465)  were  observed.  Representative  results  from 
PBMC  of  four  healthy  donors  (two  responders  and  two  non¬ 
responders)  are  shown  in  Figure  2.  Donors  A  and  B  were 
considered  responders  based  on  the  ability  of  their  PBMC  to 
proliferate  to  at  least  one  of  the  eight  HER-2  peptides  tested. 
These  responses  were  significantly  higher  than  responses  by 
PBMC  that  have  not  been  pulsed  with  peptides.  In  both 
responders  and  nonresponders,  the  responses  to  HER-2 
peptides  did  not  correlate  with  the  ability  of  the  same  PBMC 
to  respond  or  with  the  magnitude  of  response  to  TT  (Figures 
2  and  3).  Of  twenty  five  ovarian  cancer  patients  tested,  seven 
responded  to  F7  with  statistically  significant  differences  in 
cpm  proliferation  between  peptide-induced  and  control 
cultures.  Of  seven  F7  responding  patients  three  responded  to 
F13  two  responded  to  F7,  F13  and  F14;  one  to  F7  and  F14; 
and  four  only  to  F7.  Of  five  F13  responding  patients  two  did 
not  respond  to  F7  or  F14.  Only  two  patients  responded  to  all 
four  peptides:  F7,  F13,  F14  and  D122.  There  was  no 
significant  difference  in  the  magnitude  of  their  proliferative 
responses  to  these  four  peptides. 

For  comparison,  the  pattern  and  the  magnitude  of  the 
proliferative  responses  to  HER-2  peptides  of  PBMC  one  of 
these  patients  (designated  as  Patient  A)  is  shown  in  Figure  3 
together  with  those  of  PBMC  from  another  healthy  donor 
tested  in  the  same  experiment.  Both  donors  responded  to 
D122,  F7,  F13  and  F14  but  failed  to  respond  to  D100  and 
F12.  To  establish  whether  the  pattern  of  responses  to  the 
HER-2  peptides  in  PBMC  from  ovarian  cancer  patients 


In  vitro  expansion  and  cytokine  production  by  HER-2  peptide 
stimulated  T  cells .  To  establish  whether  HER-2  peptide 
stimulated  lymphocytes  can  be  expanded  in  culture  as  T-cell 
lines,  PBMC  from  Patient  A  were  selected  for  these 
experiments.  These  PBMC  were  chosen  because  they  showed 
a  stable  and  significant  proliferative  response  to  at  least  four 
HER-2  peptides  of  distinct  sequence.  Primary  cultures  with 
F7,  D122,  F13  and  F14  were  initiated  for  four  days,  after 
which  IL-2  (40  U/ml)  was  added  for  four  more  days. 
Afterwards,  IL-2  was  removed  and  the  cells  were  “rested”  in 
complete  RPMI  medium  in  the  absence  of  IL-2  for  four  days. 
Afterwards,  each  peptide  initiated  culture  was  restimulated 
with  autologous  T  cells  from  PHA-stimulated  PBMC 
expanded  in  IL-2  prepulsed  with  the  corresponding  peptide. 
Control  cultures  were  then  restimulated  with  PHA  blasts  in 
the  absence  of  peptides.  After  four  days,  IL-2  (20  U/ml)  was 
added  to  the  cultures  for  48  h.  The  S.I.  were  determined  by 
comparing  the  3H-Tdr  incorporation  during  the  last  16  h.  As 
shown  in  Figure  4A  all  peptide  stimulated  cultures  showed  an 
increase  in  S.I.  of  >2.0  over  the  control  cultures.  Similarly, 
cultures  stimulated  initially  with  TT,  PHA  and  OKT3  in  the 
presence  of  IL-2  showed  a  significant  increase  in  proliferation 
over  the  peptidestimulated  cultures. 

To  address  whether  T  cells  induced  by  one  of  the  peptides 
can  be  stimulated  to  proliferate  by  another  HER-2  peptide, 
we  investigated  the  response  of  F13-induced  T  cells  to  F13, 
D122,  F14,  and  F7.  The  results  are  shown  in  Figure  4B.  PHA 
and  OKT3  mAb  were  used  for  stimulation  as  positive 
controls.  Cells  were  counted  after  four  days.  A  significant 
increase  in  number  over  control  cultures  was  observed  in  F13 
induced  cultures  restimulated  with  F13.  In  contrast,  F13- 
induced  cultures  showed  no  significant  proliferation  in 
response  to  F14,  and  F7  while  in  response  to  D122  the  viable 
cell  number  actually  decreased.  These  results  indicate  that 
F13-induced  T  cells  preferentially  proliferate  in  response  to 
F13  and  are  only  minimally  cross-stimulated  to  proliferate  by 
other  HER-2  peptides. 
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Figure  4.  (A)  Proliferative  responses  to  HER-2  peptides  F7,  F13,  F14,  and  D122  by  T-cell  cultures  induced  with  the  conesponding  peptide  and  expanded  in 
IL-2.  (B)  Increase  in  cell  number  of  F13  induced  T  cells  described  in  (A)  after  restimulation  with  either  no  peptides  (control),  each  of  the  peptides  D122, 
F14,  F7  and  F13;  or  PHA  and  OKT3  mAb.  Experimental  conditions  were  as  described  in  the  Materials  and  Methods.  (C)  Cell  suiface  phenotypes  of 
peptide-induced  cultures  described  in  (A),  after  restimulation  with  each  peptide  and  expansion  in  IL-2  SI  CD4  cells,  Q  CDS  cells. 


To  define  the  T  cell  phenotype,  the  resulting  PBMC 
cultures,  were  analyzed  for  CD4  and  CD8  antigen  expression. 
Analysis  of  the  phenotype  of  the  control  cultures  was 
performed  in  parallel.  The  results  are  shown  in  the  Figure  4C. 
Most  cells  in  the  primary  stimulated  cultures  were  CD4+  T 
cells,  however  there  were  some  significant  differences 
between  cultures.  F7-  and  F14-stimulated  cultures  contained 
12  and  16%  CD8+  cells  respectively,  while  D122  and  F13- 
stimulated  cultures  had  a  significantly  higher  proportion  of 
CD8+  cells  (40  -  44%).  Control  cultures  which  were 
stimulated  only  with  autologous  PBMC  and  IL-2  were  of 
predominantly  of  the  CD4  phenotype  while  in  PHA  and 
OKT3  stimulated  cultures  CD8+  cells  were  in  majority.  These 
results  indicate  that,  for  the  same  donor,  stimulation  with 
each  peptide  affected  in  a  different  way  the  proliferation  of 
either  CD4+  or  CD8+  cells  or  both.  This  does  not  reflect  the 
ability  of  one  or  another  subset  to  proliferate  better  in  the 
presence  of  IL-2.  Control  cultures  which  were  not  stimulated 
with  exogenously  added  peptides,  and  TT-stimulated  cultures 
showed  a  predominantly  CD4+  phenotype.  Inhibition  studies 
using  anti-HLA-mAb  indicated  that  HER-2  peptides  induced 
proliferation  was  inhibited  by  anti-MHC  class  II  and  at  lesser 
extent  by  anti-MHC-class  I  Abs  suggesting  that  the  responder 
cells  are  T  cells  (data  not  shown). 

Each  set  of  HER-2  stimulated  lymphocytes  showed 
different  proportions  of  CD4+  and  CD8+  cells.  Since  this 
may  reflect  the  ability  of  each  peptide  to  induce  cytokines, 


which  can  affect  the  proliferation  of  each  T  cell  subset,  the 
capacity  of  each  HER-2  induced  T-cell  line  to  secrete  IFN-y 
and  IL-  10  was  determined.  These  cytokines  have  been 
associated  with  Thl  and  Th2  types  of  responses,  respectively 
(19-21).  Since  cells  cultured  in  IL-2  usually  produce 
background  levels  of  IFN-y,  all  peptide-stimulated  T-cell  lines 
and  control  lines  were  washed  and  cultured  in  complete 
RPMI  medium  without  IL-2  for  two  days,  before  being 
stimulated  with  OKT3  and  PMA.  The  results  of  one 
representative  experiment  (of  two  experiments  performed) 
are  presented  in  Figure  5. 

T-cell  lines  stimulated  by  F7,  F13,  and  F14  produced  IFN-y 
at  higher  levels  than  observed  in  control  cultures  stimulated 
with  autologous  PBMC  but  not  with  peptides.  T}ie  highest 
levels  were  observed  with  F13  and  were  similar  to  the  levels 
induced  by  TT-induced  T  cell  lines.  Interestingly,  a  different 
pattern  of  IL-10  secretion  was  observed.  IL-10  secretion  by 
F13-stimulated  T  cells  was  only  slightly  above  the  control 
levels.  However,  high  levels  of  IL-10  were  found  in  the 
supernatants  from  F7-  and  F14-stimulated  T  cells.  The  levels 
of  IL-10  were  almost  half  the  level  of  IL-10  produced  by  TT- 
induced  T  cells.  In  contrast,  while  the  levels  of  IFN-y 
produced  by  D122-induced  line  were  higher  than  those 
produced  by  the  control  cultures,  the  levels  of  IL-10  produced 
by  the  D122-induced  line  were  minimal.  These  results  show  a 
good  correlation  between  the  IL-10  secretion  and  the 
CD4+/CD8+  ratio  of  T  cells  from  HER-2  peptide  induced  T 


50 


t 


Fisk  et  al:  Proliferative  Responses  to  HER-2  Peptides 


cell  lines.  F7-,  F14-  and  TTinduced  T-cell  lines  secreted  high 
levels  of  both  IFN-y  and  IL-10.  Conversely,  D122-  and  F13- 
stimulated  .cultures  secreted  different  amounts  of  IFN-y  but 
low  amounts  of  IL-10.  This  may  be  suggestive  of  a  Thl 
function  for  the  F13  peptide  in  this  patient  and  for  a  Th2 
function  for  the  F7  peptide  in  the  same  patient. 

Discussion 

Recognition  of  HER-2  epitopes  by  CD8+  cytotoxic  T 
lymphocytes  has  been  extensively  documented  (2-5).  However 
significantly  less  information  is  available  about  the 
recognition  of  HER-2  epitopes  by  CD4+  cells.  Although 
CD4+  cells  may  not  be  always  involved  in  tumor  lysis  in 
breast  and  ovarian  cancer,  helper  T  cells  may  be  essential  for 
initiating,  sustaining  and  amplifying  an  anti-tumor  response.. 
CTL  induced  by  stimulation  with  Ag  in  the  presence  of  co¬ 
stimulation  with  B7-  may  become  exhausted  by  the 
interaction  with  B7-  tumor  cells.  The  presence  of  Ag  specific 
CD4+  T  cells  may  provide  the  “self-help”  iieeded  to  sustain 
CTL  responses  (22,  23).  Thus  Thl  cells  recognizing  peptides 
derived  from  the  processing  of  HER-2  may  produce  cytokines 
(IFN-y,  TNF-a/(3)  that  are  thought  to  provide  help  for  CTL 
function.  The  same  HER-2  enitones  mav  produce  Th2 
cytokines  in  association  with  other  MHC-class  II  types. 

The  objectives  of  this  study  were  to  (a)  determine  whether 
HER-2  peptide  recognition  occurs  in  healthy  donors  and  in 
ovarian  cancer  patients  with  advanced  disease  and  (b) 
whether  distinct  HER-2  peptides  differ  in  their  ability  to 
modulate  the  cytokine  secretion  potential  of  the  T  cells  from 
the  same  donor.  In  this  report  we  present  evidence  that  T 
cells  responsive  to  multiple  epitopes  on  a  self-protein,  HER- 
2,  exist  in  vivo  in  healthy  donors  as  well  as  in  ovarian  cancer 
patients.  These  cells  can  be  stimulated  to  proliferate  and 
expand  in  vitro  and  can  secrete  Thl  and  Th2  cytokines.  The 
observed  in  vitro  responses  of  normal  T  cells  to  multiple 
peptides  derived  from  HER-2  cannot  be  attributed  to 
mitogenic  effects  by  a  particular  peptide  since  (a)  different 
peptides  elicited  PBMC  proliferation  in  different  donors  and 
(b)  three  peptides  containing  the  same  PI  anchor  for  the 
same  MHC-class  II  molecules  failed  to  induce  proliferative 
responses  with  the  same  frequency  as  four  other  peptides. 
Our  analysis  revealed  that  PBMC  from  ovarian  cancer 
patients  after  chemotherapy  responded  less  frequently  than 
PBMC  from  healthy  donors  to  the  same  peptides. 

The  reasons  for  the  reduced  frequency  of  responses  in 
PBMC  from  ovarian  cancer  patients  are  still  unknown.  One 
possibility,  to  be  addressed  in  future  studies,  is  whether  the 
ability  of  T  cells  from  patients  to  respond  is  affected  by 
chemotherapy.  Chemotherapy  can  eliminate  proliferating 
reacting  clones  to  HER-2  peptides.  An  alternative  is  that 
individuals  susceptible  to  ovarian  cancer  may  be  less 
responsive  to  self-antigen.  This  hypothesis  could  be  tested  in 
future  studies  using  HLA-typed  ovarian  cancer  patients.  At 
this  moment  there  is  unknown  whether  there  is  a 
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Figure  5.  Cytokine  secretion  by  HER-2  peptides-induced  T-cell  lines.  Equal 
numbers  of  cells  (105)  from  each  culture  were  plated  in  96-well  plates  and 
incubated  with  PMA  and  OKT3  mAb  as  described  in  Materials  and 
Methods.  Cytokine  expression  was  determined  by  ELISA .  The 
concentrations  were  calculated  by  comparison  with  standard  plots  of  IL-10 
and  IFN-y  in  the  same  assays. 


disproportionate  expression  of  MHC-class  II  allele  in  the 
cancer  patients  that  may  account  for  the  different  response 
pattern  to  the  peptide  antigens.  Other  possibilities  currently 
under  investigation  are  whether  (a)  CD4+  T  cells  from  these 
patients  are  anergic  to  these  peptides  or  (b)  their  response  is 
suppressed  (1,  22).  Suppressive  effects  due  to  disease 
progression  may  account  for  the  lack  of  responses  to  these 
peptides  at  this  stage.  Although  the  group  of  patients  with 
stable  disease  is  relatively  small  to  allow  conclusive 
comparisions  to  be  made,  three  of  seven  patients  with  stable 
disease  responded  to  F13  while  only  two  of  eighteen  patients 
with  progressive  disease  (11%)  responded  to  F13.  In  several 
cases  when  both  PBMC  and  TAL  were  available  from  the 
same  patient,  we  found  that  only  PBMC  responded  to  these 
peptides,  suggesting  the  presence  in  situ  of  potentially 
negative  regulatory  mechanisms.  Our  preliminary  results  on 
the  pattern  of  cytokine  responses  to  F7  and  F13  show  that  for 
a  number  of  patients  IL-10  was  detectable  at  48h  in  the 
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peptide  induced  cultures  but  the  levels  of  IFN-y  were  below 
the  levels  of  detection  of  the  assay  (10  pg/ml).  PHA 
stimulated  PBMC  from  the  same  donors  secreted  both  IFN-y 
and  IL-10.  In  other  patients,  only  F7induced  PBMC  secreted 
TNF-a  and/or  IFN-y  (Melichar  et  al  manuscript  in 
preparation). 

In  our  study,  PBMC  from  ovarian  cancer  patients 
responded  less  frequently  to  F13  than  did  PBMC  from 
healthy  donors.  The  frequency  of  responses  to  F7  and  F13  in 
healthy  donors  (54  and  62%,  respectively)  does  not  correlate 
with  the  frequency  of  expression  of  HLA-DR4  (25%)  in  the 
human  population,  suggesting  that  these  peptides  can  be 
presented  by  other  class  II  molecules. 

Our  current  study  also  sought  to  elucidate  the  ability  of 
HER-2-peptide  stimulated  T  cells  to  expand  and  secrete 
cytokines.  In  this  case  we  studies  PBMC  from  a  patient  who 
had  shown  a  stable  response  to  several  HER-2  peptides  over 
a  six  month  period.  T  cell  lines  of  predominantly  CD4+ 
phenotype  were  readily  expanded  by  restimulation  with  these 
peptides  and  low  concentrations  of  IL-2.  Interestingly,  the 
resulting  T  cell  lines  differed  in  their  proportions  of  CD4+ 
and  CD8+  cells  in  their  pattern  of  IFN-y  and  IL- 10  secretion. 

One  possible  explanation  for  these  observed  differences  is 
that  peptides  FI 3  and  F7  function  as  Thl  and  Th2  epitopes 
respectively  in  association  with  certain  MHC-class  II 
molecules.  Both  F7  and  F13  contain  a  set  of  P1-P4-P6 
anchors  for  HLA-DR4,  though  these  sequences  differ  in 
charge  at  the  P4  anchor:  R  (782)  in  F7  and  E  (892)  in  F13 
correspond  to  the  motifs  for  peptide  binding  sites  to  the 
DRBP0402  and  DRB1  *040 1/0404  alleles  (12,  23).  Phenotypic 
analysis  of  cells  in  the  T  cell  lines  stimulated  by  these  peptides 
revealed  a  significantly  larger  population  of  CD8+  cells  in 
F13-  than  in  F7-  stimulated  T  cell  lines  from  this  donor. 
Furthermore,  a  T  cell  response  to  the  epitope  HER-2:783-797 
mapped  with  the  peptide  SRLLGICLTSTVQ  was  detected  in 
a  breast  cancer  ^patient  with  high  level  of  HER-2  auto¬ 
antibodies  (1).  F7,  HER-2  (777-789)  overlaps  with  HER- 
2:783797  in  the  area  111  -  783.  The  possibility  that  T  cells 
stimulated  by  F7  can  provide  help  for  Ig  synthesis  deserves 
further  consideration. 

The  fact  that  T  cells  from  healthy  donors  and  ovarian 
cancer  patients  respond  to  HER-2  peptides,  indicates  that 
tolerance  to  some  of  these  self-epitope  is  not  induced. 
Ongoing  studies  aim  to  determine  whether  T  cells  induced  by 
these  peptides  recognize  the  HER-2  protein,  the  restriction 
element  and  the  dominant  epitopes  for  induction  of  a  Thl 
response.  The  implications  of  the  observed  responses  in 
immunity  to,  or  progression  of  ovarian  cancer  deserve  further 
consideration  as  to  whether  the  responses  to  these  peptides 
correlate  with  HER-2  expression,  stage  and  clinical  outcome. 
Such  studies  are  currently  in  progress  in  our  laboratory.  The 
results  presented  in  this  study  should  be  useful  for 
investigation  of  the  mechanisms  of  Ag  specific  immunity,  auto 
immunity,  tolerance  and  design  of  epitope  specific  tumor 
vaccines. 
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ABSTRACT 

* 

Previous  studies  have  characterized  the  reactivity  of 
CD8+  CTLs  with  ovarian  and  breast  cancer.  There  is  little 
information  about  the  antigens  and  epitopes  recognized  by 
CD4+  T  cells  in  these  patients.  In  this  study,  we  analyzed 
the  ability  of  T  cells  from  peripheral  blood  mononuclear 
cells  of  breast  cancer  patients  to  recognize  HER-2/heu 
(HER-2)  peptides.  We  found  that  13  of  18  patients  re¬ 
sponded  by  proliferation  to  at  least  one  of  the  HER-2  pep¬ 
tides  tested.  Of  these  peptides,  one  designated  G89  (HER-2: 
777-789)  was  recognized  by  T  cells  from  10  patients.  Seven 
of  nine  responding  patients  were  HLA-DR4+,  suggesting 
that  this  peptide  is  recognized  preferentially  in  association 
with  HLA-DR4.  Analysis  of  the  specificity  and  restriction  of 
the  cytokine  responses  to  G89  by  G89-stimulated  T  cells 
revealed  that  these  cells  secreted  significantly  higher  levels 
of  IFN--y  than  interleukin  4  and  interleukin  10,  suggesting 
priming  for  a  ThO-T  helper  1  response.  The  same  pattern  of 
cytokine  responses  was  observed  to  the  intracellular  domain 
of  HER-2  protein,  suggesting  that  G89-stimulated  T  cells 
recognized  epitopes  of  the  HER-2  protein  in  association  with 
HLA-DR4.  Because  HLA-DR4  is  present  in  25%  of  humans, 
characterization  of  MHC  class  n-restricted  epitopes  induc¬ 
ing  ThO-T  helper  1  responses  may  provide  a  basis  for  the 


Received  12/17/97;  revised  4/28/98;  accepted  5/15/98. 

The  costs  of  publication  of  this  article  were  defrayed  in  part  by  the 
payment  of  page  charges.  This  article  must  therefore  be  hereby  marked 
advertisement  in  accordance  with  18  U.S.C.  Section  1734  solely  to 
indicate  this  fact. 

1  This  work  was  supported  in  part  by  DAMD  Grant  17-97-1-7098  (to 
C.  G.  I.)  and  the  Nellie  Connally  Breast  Cancer  Research  Fund  (to 
J.  L.  M.).  Peptide  synthesis  was  supported  in  part  by  Core  Gram 
CA16672. 

2  To  whom  requests  for  reprints  should  be  addressed,  at  Department  of 
Gynecologic  Oncology,  Box  67  (C.  G.  I.),  or  Department  of  Bioimmu¬ 
notherapy,  Box  02  (J.  L.  M.),  The  University  of  Texas  M.  D.  Anderson 
Cancer  Center.  1515  Holcombe  Boulevard,  Houston,  TX  77030.  Phone: 
(713)  792-4561. 


development  of  multivalent  HER-2-based  vaccines  against 
breast  and  ovarian  cancer. 

INTRODUCTION 

Studies  in  animal  models  have  demonstrated  a  significant 
role  for  T  lymphocytes  in  antitumor  immunity  and  have  shown 
that  CD8+  and  CD4+  cells  can  mediate  tumor  rejection  (1,  2). 
In  recent  years,  significant  emphasis  has  been  placed  on  iden¬ 
tifying  epitopes  recognized  by  tumor-reactive  CD8+  CTLs.  A 
remarkable  feature  of  these  Ags3  is  that  they  are  nonmutated  self 
proteins  (3).  This  raises  the  possibility  that  CD4+  cells  recog¬ 
nizing  epitopes  on  the  same  self  proteins  in  the  context  of  MHC 
I  and  MHC  II  may  also  be  present  in  cancer  patients  (4).  CD4+ 
cells  may  either  express  direct  killing  or  play  a  regulatory  role 
irfthe  differentiation  of  other  CD4+  cells  and  of  tumor-reactive 
CTLs  (5). 

The  known  repertoire  of  tumor  Ag  recognized  by  CD4-F 
cells  is  limited.  There  is  little  information  on  the  restriction 
elements  operating  in  each  Ag  system  and  the  nature  of  re¬ 
sponses  (Thl/Th2)  induced  by  self  peptides  activating  CD4+ 
cells.  Topalian  et  al  (6,  7)  have  identified  HLA-DR4.1  (HLA- 
DRBl*0401)-restricted  tyrosinase  peptides  that  stimulated  Thl 
cytokine  secretion  by  CD4+‘  melanoma  TELs.  This  ability  was 
shown  to  be  dependent  on  the  binding  affinity  of  the  peptide  to 
HLA-DR  (7).  Yoshino  et  al  (8)  have  shown  that  CD4+  TILs 
secrete  Thl  cytokines  when  presented  with  heat  shock  proteins 
associated  with  HLA-DR,  suggesting  that  they  may  recognize 
peptides  complexed  to  such  proteins  (8).  CD4+  CTLs  were 
shown  to  recognize  a  shared  HLA-DR  15  melanoma- associated 
Ag  (9).  MHC  class  II-restricted  Thl  cytokine  secretion  by 
long-term  cultured  CD4+  TILs  has  also  been  reported  in  breast 
cancer  patients,  suggesting  a  HLA-DR4-associated  response 
(10).  Finally,  autologous  tumor-specific  CD4+  CTLs  have  also 
been  demonstrated  in  sarcoma  restricted  by  HLA-DR4  and 
HLA-DR15  (11). 

These  studies  have  shown  that  in  vitro  cultured  CD4+  cells 
of  TILs  can  recognize  class  II-associated  Ag.  There  is  little 
information  on  the  ability  of  class  II-associated  peptides  from 
these  Ags  to  induce  and  restimulate  a  response  in  healthy  donors 
and  patients  with  cancer.  Proliferative  responses  of  PBMCs 
reflecting  responses  by  T  cells  to  mutated  Ras  protein  and 
peptides  carrying  the  same  mutation  have  also  been  detected  in 
pancreatic  and  colon  cancer  patients  vaccinated  with  the  corre¬ 
sponding  peptide  (12,  13).  In  contrast,  responses  to  w.t.  or 


3  The  abbreviations  used  are:  Ag,  antigen;  PBMC,  peripheral  blood 
mononuclear  cell;  HER-2,  HER-2/neu  proto-oncogene;  S.I.,  stimulation 
index;  APC,  antigen-presenting  cells;  HA,  influenza  hemagglutinin; 
w.t.,  wild  type;  ICD,  HER-2  intracellular  domain;  IL,  interleukin;  TIL, 
tumor-infiltrating  lymphocyte;  Thl,  ThO-T  helper  1;  PI,  position  1; 
PHA.  phytohemagglutinin;  NO,  no  peptide. 
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mutated  Ras  have  not  been  found  in  healthy  donors  (12).  How¬ 
ever,  the  immunity  directed  against  mutated  tumor  proteins  may 
be  targeted  to  w.t.  epitopes  (14,  15).  Breast  cancer  patients 
developed  anti-p53  antibodies  and  T  cells  that  proliferated  in 
vitro  in  response  to  w.t.  p53  only  when  mutated  p53  accumu¬ 
lated  in  their  tumors  (15),  suggesting  that  the  enhanced  presen¬ 
tation  of  w.t.  p53  was  leading  to  a  Th2  response.  Similarly,  a 
breast  cancer  patient  with  HER-2  overexpression  (HER-2hl)  and 
anti-HER-2  antibodies  developed  T  cells  that  proliferated  in 
response  to  both  HER-2  protein  and  short  HER-2  peptides  (16). 

These  results  suggest  in  vivo  priming  by  enhanced  presen¬ 
tation  of  self  peptides  due  to  HER-2  protein  overexpression. 
There  is  little  information  on  the  ability  of  CD4+  cells  from 
healthy  donors  and  from  cancer  patients  who  do  not  overexpress 
HER-2  (HER-210)  to  respond  to  HER-2  peptides.  This  is  impor¬ 
tant  because  identification  of  CD4+  cells  reacting  with  self 
peptides  may  allow  not  only  identification  of  “protective”  tumor 
Ag,  but  allow  optimization  of  design  of  tumor  vaccines,  by 
incorporating  a  “self  helper”  peptide(s)  that  can  amplify  and 
spread  a  Thl  response  when  the  disease  progresses. 

We  recently  found  that  healthy  donors  responded  with 
higher  frequency  than  ovarian  cancer  patients  to  a  number  of 
HER-2  peptides.  We  hypothesized  that  CD4+  T  cells  recogniz¬ 
ing  HER-2  are  not  deleted  from  the  immune  repertoire  of 
healthy  individuals  (17).  Because  the  patients  in  that  study  were 
not  HLA  typed  and  had  advanced  disease,  we  decided  to  inves¬ 
tigate  the  ability  of  HER-2  peptides  to  induce  proliferative 
responses  in  healthy  patients  with  primary  breast  cancer  of 
defined  MHC  class  II  type.  We  focused  on  two  HER-2  peptides 
that  induced  the  most  frequent  responses  in  our  previous  studies. 
We  found  that  peptide  G89  (HER-2,  777-789)  induced  re¬ 
sponses  with  higher  frequency  (10  of  18,  56%)  in  this  group  and 
significantly  higher  in  the  HLA-DR4+  patients  (7  of  9,  78%) 
than  the  other  peptides  tested.  There  was  no  difference' in  the 
pattern  of  cytokine  responses  between  one  patient  who  overex¬ 
pressed  HER-2  (HER-2hl)  and  one  healthy  donor  who  did  not 
overexpress  HER-2  (HER-2hl),  suggesting  that  the  ability  of 
patients  with  localized  breast  cancer  to  respond  to  G89  it  is  not 
affected  by  HER-2  overexpression. 

MATERIALS  AND  METHODS 

Subjects.  PBMCs  were  obtained  from  18  breast  cancer 
patients  and  6  healthy  volunteers  (three  DR4+  and  three 
DR4-).  All  patients,  with  one  exception,  were  clinically  free  of 
tumor  at  the  time  of  study.  Of  the  healthy  volunteers,  three  were 
HLA-DR4+,  and  the  others  were  HLA-DR4-  (/.*.,  MHC  II 
phenotype  was:  donor  4,  DR7,  11,  DQ  2,  6;  donor  5,  DR13,  14; 
donor  6,  DR11,  15,  DQ6,  7).  Eleven  patients  had  pathology 
stage  I  disease,  5  had  stage  II,  and  1  had  stage  III.  One  patient 
(patient  16)  had  no  primary  tumor  yet  was  classified  as  having 
breast  cancer  because  of  the  presence  of  a  positive  lymph  node. 
All  except  one  patient  had  undergone  surgery  and  were  free  of 
disease  at  the  time  of  study.  One  patient  had  recurrent  disease. 
All  patients  except  one  had  0-3  positive  lymph  nodes.  Tumor 
from  only  one  patient  had  Black’s  nuclear  grade  III  (advanced 
pathological  characteristics);  the  remainder  were  grade  I  or  II. 

HLA  Class  H  Molecular  Oiigotyping.  Genomic  DNA 
extracted  from  PBMCs  as  described  (18-22)  served  as  the 


substrate  for  amplification  of  a  polymorphic  locus-specific  frag¬ 
ment  of  the  HLA  class  II  gene  by  PCR.  For  the  - DQBl  and 
- DRB  loci,  the  flanking  primers  used  were  as  follows:  DRB- 
AMP-A,  5  'CCCC  AC  AGC  ACGTTTCTTG;  DRB-AMP-B, 
5'CCGCTGCACTGTGAAGCTCT;  DQB-AMP-A,  5'CATGT- 
GCTACTTCACCAACGG;  and  DQB-AMP-B,  5'CTGGTAGTT- 
GTGTCTGCACAC. 

Because  of  the  large  number  of  HLA- DRB  alleles  and  the 
numerous  shared  sequences  between  different  alleles,  HLA-DRB 
typing  was  carried  out  in  a  stepwise  manner.  First,  group- 
specific  HLA-DR  typing  was  performed  using  the  primers  DR- 
AMP-A  and  DR-AMP-B.  Oligonucleotide  typing  of  this  PCR- 
amplified  DNA  allowed  discrimination  of  HLA-DRJ,  -DR2, 
-DR3/6 ,  -DR4,  -DR5  (- DRwll ),  -DR7,  -DR8/12 ,  -DR9 ,  -DR10, 
- DR52a ,  - DR52b/c ,  and  - Drw53 .  Because  there  are  numerous 
variants  of  HLA-DR1,  -DR2,  -DR4 ,  -DR5  (-DRwll),  -DR6, 
-DR8/12,  and  -DR52b/c,  further  discrimination  of  these  sub- 
types  required  a  second  PCR  using  group- specific  primers  plus 
DRB-AMP-B.  They  include  DRB- AMP- 1  for  the  HLA-DR1 
group,  DRB  1 -AMP-2  or  DRB 5- AMP-2  for  the  HLA-DR2 
group,  DRB-AMP-3  for  the  HLA-DR3,  -DR5,  -DR6,  -DR8, 
-DR12  group,  DRB-AMP-4  for  the  HLA-DR4  group,  and  DRB- 
AMP-52  for  the  HLA-DRB3  genes  of  the  HLA-DRw52  group. 
The  sequences  of  the  primers  were  as  follows:  DRB-AMP-1, 
5'TTCTTGTGGCAGCTTAAGTT;  DRB  1 -AMP-2,  5'TTCCT- 
GTGGCAGCCTAAGAGG;  DRB5-AMP-2,  5'CACGTTTCT- 
TGCAGCAGGA;  and  DRB-AMP-4,  5'GTTTCTTGGAGCAG- 
GTTAAC. 

v  For  HLA-DRw52-associated  -DRB1  genes  ( HLA-DR3 , 
-DR5,  -DR6,  -DR8 ,  and  -DR  12),  the  sequences  of  the  primers 
were  as  follows:  DRB-AMP-3  (5  'C  ACGTTTCTTGGAG- 
TACTCTAC),  HLA-DRw52 ,  and  DRB-AMP-52  (5'CCCAG- 
CACGTTTCTTGGAGCT). 

PC£  products  separated  by  electrophoresis  were  blotted  to 
Hybond  N+  membranes  (Amersham  Pharmacia  Biotech,  Ar¬ 
lington  Heights,  IL)  hybridized  with  [732P]ATP-labeled  allele- 
sequence-specific  oligonucleotide  probes.  HLA-DQB1  alleles 
were  determined  by  hybridization  with  probes  corresponding  to 
variable  sequences  around  positions  23,  26,  37,  45,  49,  57,  and 
70  of  the  HLA-DQB1  outermost  domain.  “Broad”  HLA-DR 
groups  [HLA-DR1,  -DR2 ,  -DR3/6,  -DR4,  -DR5  (11),  -DR12, 
-DR7,  -DR8,  -DR9 ,  -DR10,  -DRB3*0101,  -DRB3*0201-*0301, 

- DRB4*0101  (-DR53)]  were  determined  by  hybridization  with 
oligonucleotide  probes  corresponding  to  variable  sequences 
around  positions  10,  28,  and  37  of  the  HLA-DRB1  outermost 
domain.  Subtypes  of  HLA-DR1,  -DR2,  -DR3/5/6/8/12,  -DR4 , 
and  -DRw52  were  determined  by  hybridization  of  the  respective 
group- amplified  DNA  to  oligonucleotides  corresponding  to 
variable  sequences  around  positions  28, 37, 57, 70,  and  86  of  the 
HLA-DRB1  outermost  domain. 

HER-2  Peptide  Selection.  Peptides  tested  were  selected 
if  they  contained  the  T-cell  sites  in  HER-2  predicted  by  the 
computer  program  ANT.FINDM,  the  general  binding  motif  for 
human  class  MHC  II  Ag,  and  the  anchors  for  a  number  of  MHC 
class  II  Ags  (HLA-DR1,  -DR3,  -DR4,  -DR 1 1,  and  -DQ7;  Refs. 
23-28),  the  sum  of  whose  allelic  frequencies  covers  75-100%  of 
Americans.  The  general  peptide  binding  motif  for  various  hu¬ 
man  MHC  class  II  molecules  consists  of  a  PI  anchor,  i.e .,  an 
aromatic  or  large  aliphatic  residue  in  the  first  3-5  amino  acids 
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Table  l  HER-2  peptides  used  in  this  study 

The  Tyr  and  Trp  italicized  in  position  3  or  4  may  constitute  PI  anchors.  Similarly,  the  Val,  Leu,  and  Met  italicized  in  positions  4  and  5  may 
also  constitute  PI  anchors.  _ _ _ _ _ _ 


Peptide  code  Position 


HA 

307-319 

P 

K 

Y 

V 

F12 

449^64 

G 

I 

S 

W 

L 

G88 

450-462 

I 

S 

W 

L 

F14 

474-487 

T 

V 

P 

W 

D 

F7 

776-788 

G 

s 

P 

Y 

V 

G89 

777-789 

s 

P 

Y 

V 

F13 

884-899 

V 

p 

I 

K 

W 

G90 

886-898 

I 

K 

W 

Sequence 

K  Q  N  T 
G  L  R  S 
G  L  R  S 
Q  L  F  R 
S  R  L  L 
S  R  L  L 
MALE 
MALE 


L  K  L 
R  E  L 
R  E  L 
N  P  H 
G  I  C 
G  I  C 
S  I  L 
S  I  L 


A  T 

G  S  G 

G  S 

Q  A 

L 

L  T 

R  R  R 

R  R  R 


L 


F 


close  to  the  NH2  terminus,  and  other  major  but  less  essential 
anchors  at  P4,  P5,  P7,  and  P9,  counting  from  the  PI  anchor 
(26-28).  Because  many  peptides  are  capable  of  binding  to  many 
different  MHC  class  II  molecules  because  their  sequences  con¬ 
tain  overlapping  binding  motifs  for  MHC  class  II  molecules  (27, 
28),  each  of  the  peptides  synthesized  contained  at  least  two  of 
three  anchors  for  each  HLA-DR  Ag  and  the  main  PI  anchors  for 
most  class  II  alleles  (Table  1).  In  peptides  G88,  G89,  and  G90, 
positions  P3  and  P4  are  occupied  by  hydrophobic,  aromatic,  and 
aliphatic  residues,  in  that  order,  to  facilitate  peptide  binding  in 
different  frames.  \ 

The  binding  motifs  of  synthetic  peptides  may  differ  from 
those  of  natural  ligands  because  the  latter  incorporate  processing 
constraints  in  addition  to  binding  requirements.  Thus,  peptides 
were  synthesized  by  following,  when  possible,  the  common 
motifs  for  all  MHC  class  II  molecules  defined  by  pool  sequenc¬ 
ing  of  naturally  processed  peptides  (25).  In  F7,  FI 3,  and  F14, 
the  sequence  was  extended  to  include  Pro  N-terminal  to  either 
the  Tyr  (the  PI  anchor  for  HLA-DR1,  DR3,  DR4,  and  DQ7)  or 
the  Trp  (reportedly  as  the  PI  anchor  for  HLA-DR4  and  DR1 1). 
For  comparative  studies  of  the  responses  associated  with  HLA- 
DR4, 13-mer  analogues  of  FI  2,  F7,  and  FI 3  (i.e.,  G88,  G89,  and 
G90,  respectively)  were  selected,  using  the  anchor  alignment 
matching  the  standard  HLA-DR4/DR1  helper  epitope,  HA  pep¬ 
tide  (HA:  307-319)  (Table  1).  The  predicted  binding  affinities 
of  these  peptides  for  HLA-DR4  (as  IC50)  according  to  Roth- 
bard’s  algorithm  were  as  follows:  HA,  35  nM;  G88,  180  nM; 
G89,  987  nM;  and  G90,  219  nM  (29).  Peptides  were  prepared  by 
the  Synthetic  Antigen  Laboratory  of  the  M.  D.  Anderson  Cancer 
Center,  using  a  solid-phase  method  as  described  previously  (17, 
30).  Their  identity  was  determined  by  amino  acid  analysis.  Their 
purity  was  93-97%  as  determined  by  HPLC.  Peptides  were 
dissolved  in  PBS,  aliquoted  at  2  mg/ml,  and  stored  frozen  at 
-20°C  until  use.  The  codes  used  to  identify  HER-2  peptides 
were  assigned  by  the  Synthetic  Antigen  Laboratory. 

Recombinant  ICD.  The  ICD  (Lys676-Val1255)  was 
cloned  by  PCR  from  c-erbB-2  cDNA  (provided  by  Dr.  Jacalyn 
Pierce,  National  Cancer  Institute).  The  ICD  was  expressed  in 
Escherichia  coli  using  a  pET  vector  with  an  ammo-terminal  His 
tag.  Recombinant  ICD  was  purified  from  inclusion  bodies  by  a 
combination  of  Ni2+  affinity  chromatography,  size  exclusion, 
and  ion  exchange  chromatography.  The  purified  ICD  was 
greater  than  95%  pure  as  judged  by  PAGE  and  Western  analyses 
(data  not  shown). 


Stimulation  and  Propagation  of  T  Cells.  Freshly  har¬ 
vested  PBMCs  from  breast  cancer  patients  and  healthy  volun¬ 
teers  were  isolated  by  Ficoll/Hypaque  centrifugation.  CD4+ 
and  CD8+  cells  were  isolated  from  the  plastic  nonadherent 
fraction  with  magnetic  beads.  Cells  were  cultured  at  1  X  106 
cells/ml  in  RPMI  1640  (Life  Technologies,  Inc.,  Grand  Island, 
NY)  with  10%  pooled  human  AB  serum  and  antibiotics  in  2  ml 
in  each  well  of  a  24-well  plate  (complete  RPMI  medium). 
HER-2  peptides  were  added  at  a  final  concentration  of  25 
^Lg/ml.  In  other  wells,  PBMCs  were  stimulated  with  25  jig/ml 
HA  peptide,  PHA  at  a  final  concentration  of  1:100,  or  medium 
alone.  After  6  days  of  stimulation  with  each  peptide,  cultures 
were  expanded  with  IL-2  (Cetus)  at  20  units/ml  for  the  follow¬ 
ing  week  (17,  31).  To  induce  Ag-specific  T  cells,  the  cells  were 
then  “rested”  for  3-4  days  culture  in  the  absence  of  DL-2. 
Then,  the  cells  were  stimulated  at  a  1:1  stimulator: responder 
ratio  with  irradiated  (10,000  Rad)  PBMCs  and  pulsed  with 
individual  peptides  for  at  least  90  min  at  37  °C  before  addition  to 
the  cultures  as  described  (17).  For  expansion,  4-5  days  later,  20 
units/ml  IL-2  was  added  to  the  cultures  for  7  additional  days. 
Surface  Ag  expression  was  determined  by  fluorescence-acti¬ 
vated  cell  sorting  analysis  using  a  FACScan  (Becton  Dickinson, 
Sunnyvale,  CA)  with  a  log  amplifier  as  described  (17). 

Proliferation  Assays.  For  proliferation  assays,  a  100-pJ 
aliquot  was  removed  from  each  well  of  the  24-well  plate  of 
primary  cultures  after  4-6  days,  as  described  (16).  Quadrupli¬ 
cate  samples  were  cultured  in  a  96-well  plate  with  1  p-Ci  of 
[3H]Tdr  in  a  final  volume  of  200  pi  The  cells  were  harvested 
16  h  later,  and  the  radioactivity  was  counted  in  a  Beckman 
LS3501  liquid  scintillation  counter  (16).  A  proliferative  re¬ 
sponse  was  defined  as  positive  when  differences  in  cpm  values 
between  cultures  that  received  peptides  and  cultures  that  did  not 
receive  peptides  were  significant  by  the  unpaired  Student’s  t  test 
(P  <  0.05). 

Cytokine  Production.  The  ability  to  secrete  IFN-y, 
IL-4,  and  IL-10  was  determined  by  culturing  the  PBMCs  with 
the  corresponding  peptides.  Supernatants  were  collected  at  dif¬ 
ferent  times  and  stored  frozen  at  -20°C.  The  cytokine  concen¬ 
trations  were  measured  by  double  sandwich  ELISA  using  the 
corresponding  kits  provided  by  BioSource  International  (Ca- 
mariyo,  CA).  The  cytokine  assays  were  calibrated  with  human 
recombinant  IFN-y,  IL-4,  and  IL-10  to  detect  each  cytokine  in 
the  range  of  15-1000  pg/ml.  The  following  homozygous  B  cell 
lines  were  obtained  from  the  American  Society  for  Histocom- 
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Fig.  1  Histograms  of  selected  representative  patterns  of  proliferation  for  eight  breast  cancer  patients.  A,  patient  13,  average  NP  value,  625  cpm;  5, 
patient  7,  average  NP  value,  862  cpm;  C,  patient  2,  average  NP  value,  268  cpm;  D ,  patient  9,  average  NP  value,  272  cpm;  E,  patient  15,  average  NP 
value,  447  cpm;  F,  patient  12,  average  NP  value,  313  cpm;  G,  patient  1,  average  NP  value,  268  cpm;  H ,  patient  5,  average  NP  value,  568  cpm.  Each 
determination  was  performed  in  quadruplicate;  cpm  for  each  of  the  replicates  are  represented  by  one  triangle.  Patients  in  A-F  are  HLA-DR4+  and 
those  in  G  and  H  are  HLA-DR4-.  Responses  to  G89  were  consylered  positive  in  A-D  and  F  (HLA-DR4+  patients)  and  in  G  (HLA-DR4-  patient) 
because  in  each  of  these  donors  tested,  all  cpm  quadruplicate  values  in  response  to  G89  were  higher  than  each  of  the  quadruplicate  values  of  the  control 
cultures  unstimulated  with  peptide.  Freshly  isolated  PBMCs  from  each  donor  were  stimulated  with  peptides  at  a  final  concentration  of  25  p,g/ml. 
Responses  were  determined  in  100-pl  aliquots  of  cells  removed  from  cultures  on  days  4-6  and  tested  for  proliferation.  Responses  are  shown  for 
cultures  stimulated  for  either  4  or  5  days.  In  most  instances,  significant  proliferation  was  observed  on  two  consecutive  days  (days  4  and  5  or  days 
5  and  6).  An  exception  was  made  for  patients  9  ( D )  and  15  (F),  who  showed  responses  only  on  days  5  and  6,  respectively;  patient  9  was  considered 
a  responder  because  the  S.I.  was  >2.5,  but  patient  15  was  considered  a  nonresponder  because  the  S.I.  to  G89  was  <2.0. 


patibility  and  Immunogenetics  Repository  (Baltimore,  MD) 
and  used  as  APC  for  cytokine  secretion:  E418  (DRB  1*1502, 
DRB5*0102,  DQAP0102,  DQA1*0103,  and  DRB1*0601) 
and  WT51  (DRB1*0401,  DRB4*0101,  DQA1*0301,  and 
DQB  1*0302). 

Statistical  Methods.  Differences  in  proliferative  re¬ 
sponses  were  analyzed  using  Student's  t  test  for  unpaired  sam¬ 
ples.  Differences  in  frequency  for  class  H  alleles  were  assessed 
using  the  Cochran  Q  test  (32). 

RESULTS 

Recognition  of  HER2  Peptides  in  Breast  Cancer  Pa¬ 
tients.  PBMCs  of  breast  cancer  patients  were  cultured  with 
HER-2  peptides  or  medium  alone  for  4-6  days.  To  ensure  that 
lack  of  responsiveness  of  PBMCs  to  any  of  HER-2  peptides  did 
not  reflect  a  generalized  suppression  of  responses  to  Ag  or 
mitogen,  all  subjects’  lymphocytes  were  tested  for  their  ability 


to  respond  to  PHA.  Because  responses  to  F7  (HER-2,  776-788) 
and  FI 3  (HER-2,  884-899)  were  previously  observed  with 
higher  frequency  in  healthy  individuals  (17),  we  wanted  to 
address  the  question  of  the  ability  of  the  T  cells  from  breast 
cancer  patients  to  respond  to  HER-2  peptides,  in  association 
with  certain  MHC  class  II  types,  expression  of  HER-2  in  their 
primary  tumor,  and  the  lymph  node  status.  Because  the  patients 
were  tested  in  the  order  they  presented  and  not  based  on  their 
HER-2  expression,  when  the  S.I.  was  <2.0,  to  increase  the 
sensitivity  of  detection,  responses  were  considered  positive 
when  the  cpm  in  each  of  the  quadruplicate  cultures  stimulated 
with  peptides  was  higher  than  each  of  the  quadruplicate  control 
cultures  on  two  consecutive  days  (days  4  and  5  or  days  5  and  6). 
This  approach  allowed  us  to  identify  responders  without  arbi¬ 
trary  cutoffs,  using  S.I. 

Emphasis  was  given  to  HLA-DR4+  patients  because  of  the 
recently  reported  association  of  HLA-DR  and  HLA-DR4  with 
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Fig  2  Proliferative  responses  to  HER-2  peptides  by  PBMCs  from  patient  13  (A;  designated  R;  A),  PBMCs  from  healthy  donor  2  (B;  A)  determined 
in  the  same  experiment  with  patient  13,  and  CD4+  and  CD8+  cells  from  healthy  donor  3  (C;  designated  L;  ■).  Both  donors  2  and  3  were 
HLA-DR4+.  The  MHC  class  II  phenotypes  of  the  three  healthy  donors  tested  were  as  follows:  donor  1,  DR4,  13  (w52),  DQ1,  3;  donor  2,  DR4,  15 
w53  DQ6  7*  and  donor  3  DR4,  13  w52,  DQ1,  3.  A  and  firresponses  were  determined  5  days  after  incubation  with  peptides  in  the  same  experiment 
for  both  donors.  Responses  in  donor  2  were  determined  only  to  peptides  F7,  F13,  Aid  F14.  Results  similar  to  those  of  donor  2  were  obtained  for  donor 
1.  A  and  B,  7T,  tetanous  toxoid.  See  Table  2  for  responses  to  HA  peptide.  C,  responses  were  determined  after  4  days  of  incubation  with  peptide, 
including  the  last  16  h  the  presence  of  3H-Tdr.  Equal  numbers  of  autologous  plastic-adherent  PBMCs  were  used  as  APC. 


CD4+  CD8+ 


tn  tn  n  ri  it 


favorable  prognosis  in  breast  cancer  (33,  34).  Because  both  F^7 
and  FI3  contain  HLA-DR4  anchors  but  differ  in  the  length  and 
position  of  the  anchor  motifs,  we  synthesized  two  13-mers, 
designated  G89  and  G90.  Each  contained  a  hydrophobic  aro¬ 
matic  followed  by  a  hydrophobic  aliphatic  residue  at  P3  and  P4 
(Table  1).  A  control  peptide  of  the  same  length:  G88  (HER-2, 
450-462)  based  on  the  sequence  of  F12  (HER-2, 449  -464)  was 
prepared  (Table  1)  because  it  had  the  same  pattern  of  residues  in 
P3  and  P4  as  G89  and  G90.  G88  was  chosen  as  a  control 
because  responses  to  FI 2  were  previously  observed  only  infre¬ 
quently  (17).  The  predicted  HLA-DR4  binding  affinity  of  G88 
was  similar  to  that  of  G90  but  significantly  lower  than  that  of 
<389. 

The  responses  to  HER-2  peptides  G89  and  G90,  together 
with  the  responses  to  control  peptide  G88  for  8  of  the  1 8  patients 
tested  (including  responders  and  nonresponders),  are  shown  in 
Fig.  1.  In  all  six  G89  responding  patients  shown  (Fig.  1,  A-D,  F, 
and  G),  the  cpm  values  in  all  replicate  cultures  were  higher  than 
the  cpm  values  in  each  replicate  in  PBMC  cultures  from  the 
same  patient  that  had  not  been  stimulated  with  exogenously 
added  peptide  (NP).  In  these  six  patients,  the  cpm  values  in  the 
replicate  cultures  stimulated  with  the  control  G88  peptide  of 
higher  binding  affinity  to  HLA-DR4  than  G89  were  not  signif¬ 
icantly  different  from  the  cpm  values  in  the  NP  cultures.  This 
was  confirmed  by  the  fact  than  in  the  two  nonresponders  (Fig. 
1,  E  and  H),  the  cpm  values  in  the  replicate  cultures  stimulated 
with  G89  were  not  higher  than  the  cpm  values  in  cultures 
stimulated  with  G88. 

To  verify  the  stimulatory  ability  of  G89  in  comparison  with 
control  peptide  G88  and  NP,  the  experiments  were  repeated  with 
another  patient  (No.  13).  Both  peptides  G89  and  G90  and  their 
counterparts  F7  and  FI 3  were  tested  in  the  same  experiment. 
The  results  (Fig.  2A)  show  that  responses  to  control  peptide  G88 


were  not  significantly  different  from  the  NP  cultures.  Responses 
to  G89  and  G90  were  significantly  different  from  responses  to 
NP  or  G89,  but  they  were  not  significantly  higher  than  responses 
to  F7  and  F13.  The  ability  of  PBMCs  of  HLA-DR4+  healthy 
volunteers  to  recognize  HER-2  peptides  was  also  tested.  Signif¬ 
icant  proliferative  responses  by  the  same  criteria  were  detected 
in  HLA-DR4+  individuals  after  primary  stimulation  of  PBMCs 
with  various  HER-2  peptides,  of  which  responses  to  two  donors 
(No.  2  and  3)  are  shown  (Fig.  2,  B  and  Q.  CD4+  cells 
responded  to  G89  (Fig.  2 C).  Thus,  the  ability  to  recognize 
sequences  of  the  HER-2  protein  is  within  the  realm  of  the  T-cell 
receptor  of  healthy  volunteers,  as  we  reported  (17). 

Proliferative  responses  to  HER-2  peptides  from  all  18 
patients  tested  are  summarized  in  Table  2.  G89  and  F7  were 
recognized  by  PBMCs  from  10  and  8  patients,  respectively. 
PBMCs  from  six  patients  recognized  both  G89  and  F7.  Re¬ 
sponses  to  G90  and  F13  were  observed  in  six  and  three  patients, 
respectively.  The  results  show  a  higher  frequency  of  responses 
for  G89  and  G90  containing  MHC  class  II  anchors  in  P3  and  P4 
than  for  their  analogues  (F7  and  FI 3)  with  the  anchors  shifted. 
The  frequency  of  responses  to  G89  was  significantly  higher  than 
to  other  peptides  (P  =  0.02).  The  results  also  show  preferential 
association  (7  of  9)  of  the  responses  to  G89  with  the  presence  of 
HLA-DR4  (P  =  0.01).  Of  the  other  alleles  that  were  repre¬ 
sented,  four  of  five  HLA-DR3  patients  responded  to  G89,  but 
three  of  four  responders  were  also  HLA-DR4  +  .  Four  of  six 
HLA-DR2+  patients  responded  to  G89,  but  three  of  four  re¬ 
sponders  were  also  HLA-DR4  +  .  The  other  three  HLA-DR4— 
donors  responded  preferentially  to  FI 3,  with  S.I.  values  of  1.9, 
1.7,  and  1.5,  respectively,  but  no  significant  proliferation  to  G89 
was  observed  (data  not  shown). 

HER-2  staining  for  the  autologous  breast  tumors  was  per¬ 
formed  by  immunocytochemistry.  HER-2  was  overexpressed 
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Table  2  Summary  of  proliferative  responses  of  breast  cancer  patients  to  HER-2  peptides 

Significant  proliferative  responses  according  to  Student’s  t  test  are  designated  +.  Responses  not  significantly  different  from  those  in  control  are 
designated  — .  All  patients  tested  showed  significant  proliferation  to  PHA  (data  not  shown).  The  allelism  of  the  HLA-DQ  has  been  determined  and 
is  listed.  Values  for  control  cultures  that  were  not  stimulated  with  peptides  (NP)  are  listed  as  C. 

Patient 
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DRB 
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DQB 

NP 

HA 

G90 

G88 
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11 
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— 

— 
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— 
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- 
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8 

8 
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501 

c 

- 

- 

- 

+ 

- 
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Total 

4 

6 

2 

18 

8 

3 

10 

4 

%  positive 

22.2 

33.3 

11.1 

100 

44.4 

16.7 

55.6 

22.2 

only  in  tumors  from  patients,6  (DR4-)  and  13  and  15  (DR4+). 
The  disease  status,  tumor  size,  lymph  node  status,  tumor  grade, 
and  HER-2  expression  were  also  compared  with  the  response  to 
these  peptides.  There  was  no  correlation  between  proliferative 
responses  and  these  clinical  parameters. 

No  apparent  correlation  was  found  between  HER-2  over- 
expression  and  proliferative  responses  to  HER-2  peptides.  Of 
the  three  HER-2hi  patients  (two  DR4+  and  one  DR4-),  re¬ 
sponses  to  G89  were  seen  only  in  patient  13  (DR4+)w  These 
responses  were  stable  on  both  day  4  and  day  5  of  testing.  In 
contrast,  patient  15  responded  only  to  FI 3  (on  day  6)  (Fig.  1£), 
whereas  patient  6  (DR4-)  responded  only  to  G88  and  F7.  Of 
the  seven  HER-210  patients,  five  showed  responses  to  G89  on  at 
least  two  consecutive  days  of  assay,  one  showed  a  response  on 
day  5  (S.I.  >2.5)  (Fig.  1 Z)),  and  one  failed  to  respond.  This 
group  was  too  small  for  statistical  analysis  to  address  possible 
differences  in  response  due  to  HER-2  overexpression  and  dis¬ 
ease  progression. 

Analysis  of  the  significance  and  specificity  of  responses 
focused  on  characterizing  the  proliferative  and  cytokine  re¬ 
sponse  to  G89  by  T  cells  from  patient  13  (HER-2hl).  To  address 
the  specificity  of  proliferative  responses,  G89-primed  PBMCs 
from  patient  13  (Fig.  2 A)  were  expanded  in  culture  with  IL-2 
and  retested  for  their  proliferative  responses  to  G88,  G89,  and 
G90.  Freshly  isolated  monocytes/macrophages  were  not  avail¬ 
able  from  this  patient  for  restimulation  and  follow-up  studies. 
We  used  PHA  blasts  from  the  same  patient  as  APC.  Results  in 
Fig.  3A  show  that  G89-stimulated  cultures  (G89R)  recognized 
G89  significantly  better  than  G88  and  G90,  but  the  overall  level 
of  response  was  low.  In  fact,  no  clear  improvement  in  prolifer¬ 
ative  activity  was  seen  after  expansion  in  IL-2  without  restimu¬ 
lation  with  peptide.  Because  this  may  be  due  to  the  poor  APC 
ability  of  PHA  blasts,  the  specificity  of  G89  stimulation  was 
characterized  in  parallel  with  the  response  from  donor  3  (also 
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Fig.  3  A ,  specificity  of  proliferative  responses  of  G89R  T  cells  (de¬ 
rived  after  expansion  in  EL-2  of  primary  stimulated  PBMC  from  patient 
13).  PHA  blasts  from  patient  13  were  used  as  autologous  APC.  B, 
specificity  of  proliferative  responses  of  G89L  and  G90L  (derived  from 
donor  3).  The  G90L  line  was  developed  by  priming  with  G90.  Autol¬ 
ogous  plastic- adherent  PBMCs  were  used  as  APC. 


HLA-DR4+)  because  autologous  APC,  plastic -adherent  cells 
were  available.  Cultured  G89-primed  PBMCs  of  this  donor 
(designated  G89L)  showed  significantly  higher  proliferative  re¬ 
sponses  to  G89  than  to  control  G88  peptide  at  restimulation 
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below  the  sensitivity  of  the  assay  (2  pg/ml). 


when  presented  on  autologous  plastic-adherent  fraction  of 
PBMCs  (Fig.  3 B).  In  contrast,  the  corresponding  G90-primed 
(G90L  cells)  showed  significantly  lower  specific  proliferation  to 
recall  with  G90  than  G89L  cells  to  recall  with  G89,  suggesting 
that  G90  may  prime  the  T  cells  for  a  cross-reactive  epitope. 

Secretion  of  IFN-y  by  G89-stimulated  T-Cell  Lines. 
Because  the  levels  of  EFN-y  and  IL-4  in  primary  cultures  were 
either  very  low  or  undetectable  (data  not  shown),  studies  were 
conducted  on  secondary  cultures.  Recent  studies  have  shown 
that  IL-2  is  required  for  Th2  differentiation  and  IL-4  production 
(35).  To  determine  the  type  of  cytokine  responses  to  G89, 
cultures  were  established  in  low-dose  IL-2  after  initial  stimula¬ 
tion  of  PBMCs  with  G89  from  patient  13  (G89R)  and  donor  3 
(G89L)  and  with  G90  from  donor  3  (G90L).  The  ability  of  these 
cells  to  secrete  IFN-y,  IL-4,  and  IL-10  in  response  to  the 
priming  peptide  was  tested  in  parallel  with  the  control  peptide 
G88. 

In  preliminary  experiments,  we  observed  that  the  levels  of 
IL-4  and  IL-10  in  response  to  G89  were  low  or  undetectable. 
Because  secretion  of  IL-4  and  IL-10  may  be  delayed  or  HER-2 
peptide  G89  may  be  less  efficient  in  inducing  Th2  cytokines,  we 
first  determined  the  cytokine  profile  in  response  to  G89  and  G90 
at  both  40  and  140  h.  The  peptide  G88  was  used  as  control.  The 
G89R  T  cells  secreted  high  levels  of  IFN-y  in  response  to  G89 
but  not  in  response  to  control  G88  peptide  (Fig.  4).  These  cells 
also  secreted  significantly  less  IL-4  and  IL-10  than  EFN-y  after 
either  40  or  140  h  in  culture,  suggesting  a  preferential  Thl  or 
ThO-Thl  response  to  G89.  However,  because  the  responses 
determined  were  obtained  with  short-term  bulk  cultures  and 


because  background  levels  of  IL-4  and  IL-10  were  present,  we 
defined  this  reactivity  as  ThO-Thl.  The  G90-primed  G90L  T 
cells  showed  significant  cross-reactivity  with  G88  with  regard  to 
IFN-y  and  IL-10  secretion  and  secreted  significantly  more  IL-10 
than  did  G89R  G89-induced  T  cells.  Although  the  levels  of 
IFN-y  in  response  to  wither  G90  or  G88  were  higher  than  the 
levels  of  IL-4,  the  levels  of  IL-10  were  higher  than  the  levels  of 
EFN-y.  Although  it  is  possible  that  earlier  levels  of  IFN-y 
secreted  in  response  to  G90  may  have  been  higher,  the  very  high 
levels  of  IL-10  may  suggest  the  presence  of  nonspecific  Th2 
cells  activated  following  the  initial  G90  stimulation. 

To  address  whether  EFN-y  was  secreted  in  response  to  G89 
and  the  ICD  (which  contains  this  peptide  but  not  the  control  G88 
peptide),  in  association  with  HLA-DR4,  G89R  and  G89L  T  cells 
were  tested  for  cytokine  secretion  in  response  to  G89  presented 
by  PBMCs  of  different  phenotypes  (Table  3).  Comparison  of 
MHC  I  phenotype  between  APC  and  responders  suggested  that 
the  EFN-y  was  ndt  secreted  in  response  to  MHC  I.  G89L  shared 
HLA-A2  and  HLA-B44  with  APC  from  donor  B.  Although  this 
may  raise  the  possibility  that  G89,  G88,  or  shorter  fragments  can 
be  presented  by  HLA-A2,  APC  from  donor  C  also  shared 
HLA-A2  with  G89L  and  expressed  HLA-23,  B41,  and  81. 
However,  the  levels  of  IFN-y  secreted  were  low  compared  with 
the  levels  detected  when  G89  was  presented  by  APC  from 
donors  A  and  B.  Thus,  although  the  possibility  that  MHC  I 
molecules  may  present  G89  cannot  be  excluded,  comparison  of 
the  MHC  I  phenotypes  suggest  that  G89-stimulated  T  cells 
secrete  cytokines  in  response  to  MHC  II  molecules. 

Significantly  higher  levels  of  IFN-y  than  IL-4  were  se- 
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Table  3  MHC  class  II  restriction  of  peptide  and  HER-2  protein  recognition  by  G89-induced  T-cell  lines 

APC 

Peptide 

G89L° 

(DR4,  15,  DQ6,  7) 

G89Ra  (DR4,  3,  DQ3,  6) 

IFN-y 

IL-4 

IFN-y 

IL-4 

A 

A2,  B7,  44 

G89 

250 

10.5 

341 

39.5 

DR4,  15;  DQ6,  7 

G88 

26 

11.1 

73 

25.0 

ICD 

298 

17.9 

662 

10.0 

APC  only 

G89. 

<2 

<2 

<2 

<2 

B 

Al,  2,  B44,  57 

G89 

155 

17.8 

125 

10.4 

DR  10,  15,  DQ1,  6 

G88 

<2 

<2 

<2 

<2 

ICD 

<2 

<2 

<2 

<2 

APC  only 

G89 

<2 

4.7 

<2 

<2 

C 

A2,  23,  B41,  81 

G89 

18.2 

<2 

59 

<2 

DR7,  11,  DQ2,  6 

G88 

2.2 

2.5 

<2 

<2 

<2 

<2 

<2 

<2 

a  The  G89L  and  G89R  T  cell  lines  were  stimulated  with  1  jjlm  HER-2  peptides  (G89,  G88)  or  1  jam  HER-2  ICD  in  the  presence  of  autologous 
APC,  with  G89L,  i.e.,  APC  sharing  all  DR  and  DQ  with  G89L,  and  HLA-DR4  and  HLA-DQ6  with  G89R  (A);  APC  sharing  only  DR15  and  DQ6 
with  G89L,  and  only  DQ6  with  G89R  (B);  and  APC  sharing  only  HLA-DQ6  with  G89L  (C).  Supernatants  were  collected  after  40  h  in  culture. 
Cytokine  levels  were  determined  as  described  in  “Materials  and  Methods.” 


creted  by  G89L  cells  in  response  to  G89  and  ICD  when  G89  was 
presented  by  autologous  APC  to  G89L.  A  similar  pattern  of 
response  was  observed  for  the  G89R  cells  obtained  from  the 
breast  cancer  patient.  The  IFN-y  response  by  both  G89L  and 
G89R  to  the  control  G88  peptide,  although  significant,  was  at 
least  one  order  of  magnitude  lower  than  to  G89,  or  to  the  ICD. 
In  this  experiment,  APC  (from  donor  3)  and  responders  shared 
only  HLA-DR4  and  HLA-DQ6.  Thus,  in  the  presence  of  APC 
that  shared  either  (a)  DR15  and  DQ6  with  G89L,  ( b )  DQ6  with 
G89L,  or  (c)  DQ6  with  G89R,  significant  levels  of  IFN-y  were 
observed  in  response  to  G89  but  not  to  ICD,  by  both  responders, 
the  healthy  donor  and  the  cancer  patient.  The  results  also  show 
that  the  restriction  element  used  by  G89L  and  G89R  for  recog¬ 
nition  of  exogenously  added  peptides  is  not  exclusively  HLA- 
DR4.  These  results  suggest  that  it  is  likely  that  a  naturally 
processed  peptide  from  HER-2  is  recognized  by  HER-2  peptide 
G89-primed  T  cells  in  the  context  of  HLA-DR4. 

IFN-y  and  IL-4  release  was  observed  in  response  to  G89 
(but  not  to  ICD)  presented  by  APC  sharing  either  HLA-DR15  or 
HLA-DQ6  or  both  with  the  responders.  These  levels  of  cyto¬ 
kines  were  not  induced  in  response  to  G88.  Although  the  levels 
of  cytokines  secreted  when  G89  was  presented  by  other  HLA 
molecules  were  lower  than  levels  in  response  to  HLA-DR4,  a 
certain  pattern  of  “promiscuous”  recognition  was  present,  con¬ 
sisting  always  of  higher  levels  of  IFN-y  than  IL-4.  This  suggests 
that  although  MHC  class  molecules  of  DR4-APC  could  present 
exogenously  loaded  G89  in  a  form  recognizable  to  G89L  and 
G89R  T-cell  receptor,  the  naturally  processed  and  presented 
fragment  of  the  ICD  may  have  been  derived  from  the  one 
presented  by  DR4.  A  similar  pattern  of  responses  by  G89L  and 
G89R,  although  with  reduced  IFN-y  levels,  was  seen  using 
lymphoblastoid  cell  lines  WT51  (homozygous  for  DR4)  and 
E4 18 1324  (homozygous  for  DR  15)  as  APC  (data  not  shown). 

DISCUSSION 

In  this  report,  we  present  evidence  that  PBMCs  from  pri¬ 
mary  breast  cancer  patients  respond  by  proliferation  in  vitro  to 
a  number  of  HER-2  peptides.  The  responding  population  con¬ 


sists  of  CD4+  cells,  as  demonstrated  in  a  previous  study  (16) 
and  as  suggested  by  the  ability  of  the  responding  cells  to  secrete 
EFN-y  in  response  to  these  peptides  when  presented  by  MHC 
class  II.  In  previous  experiments,  we  noted  that  anti-MHC  II 
antibodies  and,  to  a  lesser  extent,  anti-MHC  I  antibodies  inhib¬ 
ited  proliferation  of  PBMCs  to  helper  peptides  (17).  Low  levels 
of  proliferation  compared  with  CD4+  cells  were  observed  with 
isolated  CD8+  cells  in  a  healthy  donor,  but  the  differences  in 
cpm  between  G89-primed  (G89L)  and  G90-primed  CD8+  cells 
from  donor  3  were  significant.  However,  given  the  length  of 
these  peptides,  the  stimulatory  potential  for  CD8+  cells  after  the 
binding  of  G89  to  certain  HLA  class  I  allele  products  deserves 
further  investigation.  The  frequency  of  the  responses  was  higher 
for  G89  (56%)  than  for  the  other  peptides  tested,  suggesting  that 
G89  may  represent  an  immunodominant  epitope  in  the  group 
analyzed.  Of  interest,  the  responses  to  G89  appeared  to  associate 
more  frequently  with  the  presence  of  HLA-DR4  (in  seven  of 
nine  cases),  suggesting  that  HLA-DR4  may  be  the  presenting 
element. 

The  fact  that  F7  and  G89  are  equal  in  length  and  differ  by 
one  residue  at  their  NH2-  and  COOH-terminal  ends  suggests 
that  the  epitope  formed  by  G89  in  vitro ,  when  used  at  a  con¬ 
centration  of  ~10  jjlm,  is  specifically  recognized.  The  frequency 
of  responses  appeared  not  to  be  related  to  the  binding  affinity  of 
these  peptides  to  DR4.  The  predicted  binding  affinity  of  G89  to 
HLA-DR4  was  significantly  lower  than  that  of  peptides  G88  and 
G89  of  the  same  length. 

It  is  unknown  at  this  time  whether  for  G89,  binding  to 
HLA-DR  is  sequence  specific,  is  restricted  to  certain  DR4 
subtypes,  or  is  promiscuous.  Depending  on  which  PI  frame  is 
used,  Tyr  or  Trp  can  serve  as  an  anchor  for  DRB  1*0401  but  not 
for  *0404  and  *0402.  Similarly,  at  P4,  negatively  charged 
residues  Asp  and  Glu  are  accepted  by  DRB  1*0401  and  *0404 
but  not  by  *0402,  which  accepts  positively  charged  residues, 
such  as  Lys/Arg  (36).  This  suggests  that  G89  (as  well  as  G90) 
may  preferentially  bind  to  different  DR4  subtypes  and  use 
alternative  binding  frames  (Le.,  with  Val,  Leu,  and  Met  for  the 
PI  frame).  Additional  studies  are  required  to  address  the  ques- 
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tion  of  whether  the  antigenicity  of  G89  is  associated  with  the 
predicted  poor  binding  in  a  fashion  similar  to  that  reported  for 
most  tumor  peptides  from  self  Ag  recognized  by  human  CTLs. 

T-cell  cultures  primed  with  G89  responded  at  restimulation  by 
secreting  more  IFN-y  than  IL-4  and  IL-10,  suggesting  the  prefer¬ 
ential  activation  of  a  Thl  response.  Because  the  experiments  were 
performed  with  bulk  cultures  and  not  with  clones,  and  because  IL-4 
and  IL-10  were  detectable,  we  would  rather  define  this  reactivity  as 
ThO-Thl.  This  response  was  apparently  not  directed  to  a  cryptic 
HER-2  epitope  because  peptide-primed  cells  recognized  the  ICD. 
The  IFN-y  response  to  ICD  of  G89-primed  T  cells  suggests  that 
HLA-DR4  may  be  the  presenting  element  for  a  naturally  processed 
epitope  similar  in  structure  to  G89. 

Recent  studies  to  examine  proliferative  responses  in  breast 
and  ovarian  cancer  using  HER-2  peptides  of  various  lengths  and 
randomly  selected  patients  who  had  not  been  HLA-typed 
showed  T-cell  responses  to  several  HER-2  peptides  (16,  17). 
One  of  those,  defined  as  p783  (HER-2,  783-797),  reportedly 
activated  responses  of  T  cells  to  the  HER-2  protein  in  a  breast 
cancer  patient  (16).  Although  the  magnitude  of  G89-induced 
responses  was  significantly  lower  than  that  reported  for  p783, 
our  results  indicate  a  trend  of  increased  proliferation  to  G89.  F7 
(HER-2, 776-788)  was  also  found  to  induce  T-cell  proliferation 
in  both  healthy  donors  and  ovarian  cancer  patients  (17).  The 
data  in  this  study  suggest  that  within  the  area  HER-2,  776-797, 
nests  a  dominant  HER-2  epitope  for  CD4+  cells.  Becausex 
HLA-DR4  is  expressed  in  approximately  25%  of  humans,  this 
epitope  may  be  an  important  peptide  for  activation  and  regula¬ 
tion  of  T-cell  differentiation  toward  a  Thl  response.  It  may  also 
be  beneficial  for  CTL  activation  and  expansion. 

The  observation  that  T  cells  from  both  healthy  donors  and 
patients  whose  tumors  overexpress  HER-2  can  respond  to  G89 
argues  against  the  induction  of  tolerance  to  this  epitope  and/or 
against  autoimmune  activation  of  G89- specific  T  cells  by 
HER-2  only  after  protein  overexpression.  In  both  this  and  the 
previous  study  with  p783  (16),  the  proliferative  responses  were 
observed  early,  4-6  days  after  stimulation.  This  may  argue 
against  a  primary  response  to  G89.  Primary  in  vitro  responses  of 
T  cells  to  some  foreign  Ag  have  been  shown  to  require  a 
significantly  longer  time  (7-9  days)  to  be  detected  as  significant 
proliferation  (37,  38),  although  it  is  unknown  whether  these 
findings  can  be  extended  to  self  Ag.  The  low  levels  of  cytokines 
at  primary  stimulation  may  even  argue  against  a  recall  response, 
unless  the  frequency  of  G89-specific  cells  is  very  low.  Addi¬ 
tional  studies  are  needed  to  clarify  this  point.  A  possibility  that 
needs  to  be  considered  is  that  epitopes  such  as  G89  may  induce 
in  vivo  a  limited  number  of  Thl  cells,  which  may  exert  a 
regulatory  function.  Preliminary  studies  in  our  laboratory  show 
that  primary  stimulation  of  T  cells  from  healthy  donors  with 
either  F7  or  F12  or  F13  followed  by  culture  in  IL-2  leads  to 
preferential  expansion  of  F7-responsive  cells.  These  cells  se¬ 
creted  high  levels  of  IFN-y  at  secondary  and  tertiary  stimulation 
with  F7.  This  pattern  of  responses  suggests  a  determinant 
spreading  effect  as  described  for  some  cryptic  epitopes  (39).4 


4  B.  W.  Anderson,  A.  P.  Kudelka,  M.  Pollack,  J.  L.  Murray,  and  C.  G. 
loannides,,  manuscript  in  preparation. 


Previous  studies  of  HER-2  focused  primarily  on  character¬ 
izing  CTL  epitopes  (40,  41).  The  observation,  in  different  sys¬ 
tems,  that  human  tumors  are  antigenic  although  poorly  immu¬ 
nogenic  emphasizes  the  need  for  development  of  approaches  to 
induce  and  augment  an  immune  response  to  tumor.  Although  in 
vitro  and  in  vivo  models  show  that  induction  of  tumor- specific 
CTLs  can  be  achieved  by  costimulation  (42),  the  observed 
activation  of  Thl  response  by  the  same  tumor  Ag  recognized  by 
CTLs  suggests  an  involvement  of  CD4+  cells  in  the  reaction  to 
tumor.  It  also  raises  the  question  of  whether  the  G89-induced 
ThO-Thl  response  plays  a  protective  role  during  tumor  spread  or 
whether  it  is  down-regulated  by  Th2  cytokines  subsequent  to 
recognition  of  other  peptides  after  HER-2  overexpression.  In 
this  context,  the  characterization  of  epitopes  that  regulate  Thl 
responses,  which  can  in  turn  control  the  spread  of  Thl/Th2 
responses  by  other  self  peptides,  may  have  important  implica¬ 
tions  not  only  for  CTL  induction  but  also  for  understanding  the 
regulation  of  human  tumor  immunity. 
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antigens  and  separate  adenocarcinoma  antigens.  Yamazaki,  K.,  Savaraj,  N., 
Spruill,  G.,  Podack,  E.R.  Department  of  Microbiology  and  Immunology,  University 
of  Miami,  Miami,  FI  33101. 

In  this  study  we  wished  to  determine  the  CDS  positive,  precursor  CTL  fre¬ 
quency  for  lung  tumors,  restricted  by  common  HLA  A  alleles  (A1,  A2,  A3). 
Cultured  cell  lines  of  small  cell  (SCLC)  and  adenocarcinoma  of  the  lung  were 
transfected  with  B7  plus  A1 ,  A2  or  A3  and  used  as  stimulators  for  purified  CD8 
cells  from  healthy  volunteers  partially  matched  at  the  A1 ,  A2  or  A3  locus.  Primary 
culture  of  purified  CD8  cells  with  partially  MHC  matched,  B7  transfected  tumor 
cells  was  carried  out  without  feeder  cells  in  the  presence  of  low  11-2  and  11-4. 
Responder  cell  proliferation  required  weekly  restimulation  with  tumor  cells  in  the 
presence  of  feeder  cells  (irradiated  PBL).  A1  restricted  CTL  responses  against 
SCLC  were  consistently  found  after  20  days  in  one  donor  but  varied  in  other 
donors,  suggesting  variability  in  the  responsiveness  of  different  individuals.  A1 
restriction  of  CD8  +  CTL  was  evident  from  increased  cytolysis  of  A1  transfected 
SCLC  and  lower  lysis  of  wild  type  SCLC  or  HLA  transfected,  but  unmatched 
SCLC.  A1  restricted,  SCLC  specific  CD8+  CTL  lysed  A1  transfected  SCLC  tumor 
cells  isolated  from  different  patients,  but  not  At  transfected  adenocarcinoma 
cells.  At  restricted  precursor  CTL  frequency  against  SCLC  was  found  at  5  x  tO"4 
and  against  adenocarcinoma  at  5  x  10-5.  Our  data  indicate  that  direct  antigen 
presentation  can  be  used  to  measure  precursor  CTL  frequencies.  In  addition  our 
data  suggest  the  presence  of  shared  tumor  antigens  in  SCLC  and  separate 
antigens  in  adenocarcinoma.  These  antigens  may  be  useful  for  interventional 
immune  strategies. 


#569  Generation  of  human  cytotoxic  T  lymphocytes  recognizing  wild- 
type  sequence  p53  epitopes  from  peripheral  blood  lymphocytes  using  au¬ 
tologous  dendritic  cells.  Chikamatsu,  K;,  Whiteside,  T.L.,  Storkus,  W.,  Lotze, 
M.T.,  and  DeLeo,  A.B.  University  of  Pittsburgh  Cancer  Institute,  University  of 
Pittsburgh,  Pittsburgh  PA  15213. 

The  p53  gene  is  frequently  mutated  in  human  cancer,  including  squamous  cell 
carcinoma.  Therefore,  overexpression  of  wild  type  and  mutated  determinants  of 
the  p53  protein  may  be  useful  as  tumor  antigens  recognized  by  CTL  for  immu¬ 
notherapy.  In  this  study,  we  generated  cytotoxic  T  lymphocytes  (CTL)  specific  for 
p53  264-272  peptide  from  peripheral  blood  lymphocytes  (PBL)  of  healthy  donors 
by  stimulation  with  autologous  dendritic  cells  (DC),  induced  by  GM-CSF/  and  IL-4 
and  subsequent  cultivation  with  cytokines  (IL-la,  IL-2,  IL-4,  IL-6  and  IL-7).  The 
bulk  CTL  lyse  HLA-A2+  cells  pulsed  with  this  peptide,  but  not  HLA-A2+  p53 
mutated  tumor  cells.  Cloned  CTL  also  do  not  recognize  tumor  cells.  The  CTL 
release  GM-CSF,  but  not  TNF.  The  results  suggest  that  the  affinity  of  these  CTL 
may  be  too  low  to  allow  efficient  recognition  of  tumors.  Studies  using  DC  pulsed 
with  low  concentrations  of  peptide,  cultured  with  recombinant  fragments  of  p53 
protein  or  transduced  with  DNA  encoding  p53  exons  to  stimulate  PBL  are  in 
progress.  The  analysis  of  anti-p53  CTL  responses  of  HLA-A2+  patients  under¬ 
going  p53  gene  therapy  is  also  underway  to  determine  whether  anti-p53  CTL 
occur  at  higher  frequencies  in  their  PBL.  Our  results  confirm  the  existence  of  CTL 
recognizing  wild-type  sequence  p53  epitopes,  but  further  improvements  are 
required  to  facilitate  p53-based  immunotherapy  of  cancer. 


#570  Cytotoxic  T  cell  responses  for  human  carcinoembryonic  antigen 
(CEA)  epitopes  in  mice  transgenic  for  HLA-A2.1Kb  and  human  CEA.  Mizo- 
bata,  S.,  Clarke,  P.,  Mann,  J.,  Hefta,  S.A.,  and  Primus,  F.J.  Wakayama  Medical 
School,  Wakayama  640,  Japan,  Beckman  Research  Institute  of  the  City  of  Hope, 
Duarte,  CA  91010,  Vanderbilt  University  Medical  Center,  Nashville,  TN  37232. 

The  purpose  of  this  study  was  to  determine  the  immunogenicity  in  transgenic 
mice  of  two  CEA  peptides  restricted  by  HLA-A2.1.  One  peptide,  CEA-5  (VLYG- 
PDTPII),  was  isolated  from  a  CEA-transfected  human  breast  carcinoma  cell  line 
(A-2.1 +).  CEA-5  was  structurally  characterized  by  ESi-MS/MS  that  was  facilitated 
by  utilizing  parent  mass  information  obtained  from  the  nontransfected  cell  line. 
CEA-5  was  shown  to  bind  to  A2.1.  The  second  peptide,  CEA-4  (YLSGANLNL), 
was  previously  reported  to  elicit  human  CTLs  in  vitro  (J.  Natl.  Cancer  Inst.,  87:982, 
1995).  Both  A2.1Kb  and  CEA/A2.1Kb  transgenic  mice  were  immunized  with 
CEA-4  or  -5  peptides  in  combination  with  helper  peptide  derived  from  hepatitis 
core  protein.  Using  peptide-pulsed  T2  or  T2A2Kb  targets,  specific  CTL  activity 
against  CEA-4  peptide  was  observed  in  A2.1  Kb  transgenic  mice,  but  not  in  double 
transgenic  mice.  By  contrast,  CTL  activity  against  the  CEA-5  peptide  was  not 
observed  in  either  transgenic  mouse  line.  These  studies  show  th^t  the  CEA-4 
peptide  is  immunogenic  in  A2.1Kb  transgenic  mice  while  double  transgenic  mice 
are  tolerant  to  this  epitope.  Alternative  means  of  peptide  immunization  in  double 
transgenic  mice  may  break  tolerance  to  CEA-4.  Although  the  naturally  processed 
CEA-5  peptide  binds  A2.1  well,  it  does  not  appear  to  be  a  CTL  epitope  in  either 
A2.1Kb  or  CEA/A2.1Kb  transgenic  mice.  These  transgenic  mouse  lines  will  pro¬ 
mote  the  identification  of  CEA-derived  peptides  restricted  by  HLA-A2.1  that  may 
be  potential  CTL  epitopes  in  humans. 


antigrihs  ancjis  expressed  by  most  melanomas,  .mmumzation  oi  mice 
aden /virus  jmd)  vector  encoding  gplOO  has  been  shown  by  Zhai  to  in 
proti®tive~pmunity  against  murine  melanoma  B16  challenge  and  efficiency 
presiSjiiraependent  on  Ag  presentation  by  the  infected  host  APCs.  This  ot 
vation  led  us  to  test  the  strategy  of  targeting  gplOO  to  dendritic  cells  (DC)  ex 
and  use  Ag  loaded  DC  as  vaccine  to  enhance  Ag  specific  immune  response 
have  previously  demonstrated  that  bone  marrow-derived  DC  can  be  re 
infected  with  Ad  vector  and  90%  BM-DC  were  positive  for  0-gaJ  24  h  folio 
infection  with  AdLacZ  at  moi  of  100  pfu/cell.  In  the  current  study,  immunize 
s.c.  with  2x106  DC  transduced  with  AdgplOO  resulted  in  100%  of  mice  t 
protected  against  a  subsequent  B16  challenge,  whereas  intramuscular  injec 
with  109  pfu  of  AdgplOO  vector  resulted  only  in  10-20%  protection.  St 
cytotoxic  T  cell  reactivities  against  B16  but  not  EL4  cells  indicated  that  spe 
lytic  CTL  mediated  DCAdgplOO-induced  protection.  This  antitumor  actlvit 
volves  both  CD4-  and  CD8-positive  T  cells,  in  MHC  class  I-  and  ll-restr 
responses,  respectively.  Investigation  of  effect  of  DC  transduced  with  Adgf 
on  tumor-bearing  animals  is  currently  being  carried  out.  (Supported  by  f 
Canada) 


#572  Murine  dendritic  cells  transfected  with  gplOO  elicit  antigen 
cific,  MHC  restricted  antitumor  immunity.  Yang,  S.,  Darrow,  T.,  Vervaer 
Seigier,  H.  Duke  Univ.  Med.  Center,  Dept  Surgery,  Durham,  NC  27710 
DC  are  potent  inducers  of  CTL  when  pulsed  with  antigenic  peptide  or  t 
lysate.  Here  we  have  used  liposome  mediated  gene  transfer  to  investigate 
ability  of  TAA  gene  modified  DC  to  elicit  antitumor  immunity.  The  gplOO  moc 
DC  (DCgp)  were  used  to  stimulate  naiVe  nylon  passed  splenic  T  cells  in  vitro 
immunize  mice  in  vivo.  Antigen  specific,  MHC  restricted  CTL  were  gene 
when  DC/gp  were  used  to  prime  T  ceils  both  in  vitro  and  in  vivo.  These  CTL 
cytolytic  fbr  gplOO  transfected  syngeneic  H-2b  tumor  MCA106  (MCA/gp 
vac-pMell  7/gp100  infected  MCA  and  B1 6,  but  not  parental  tumor  MCA  or  c 
modified  H-2d  tumor  P815.  T-cell  subset  depletion  experiments  demonstratt 
induction  of  CTL  in  vivo  is  dependent  on  both  CD4+  and  CD8+  T-cells.  Th* 
of  DC  transfected  with  plasmid  bontaining  a  gene  for  TAA  may  proviC 
alternative  strategy  for  vaccine  design. 


#573  Cytolytic  effector  cell  activity  in  peripheral  blood  from  pancr 
cancer  patients.  Plate,  J.M.D.,  Petersen,  K.S.,  and  Harris,  J.E.  Rush-Pres 
rian  St  Luke’s  Medical  Center,  Chicago,  IL.  60612. 

The  general  immune  status  and  tumor  specific  immunity  were  both  studi 
pancreatic  cancer  patients.  Peripheral  blood  mononuclear  cells  were  obt 
from  patients  with  metastatic  pancreatic  cancer  who  had  not  yet  been  tre 
with  chemotherapy.  The  ceils  were  examined  for  their  ability  to  lyse  drff 
pancreatic  tumor  cell  lines.  Cytolytic  T  cell  activity  was  frequently  obs^ 
against  a  pancreatic  tumor  cell  line  that  expresses  the  tumor  antigen  M 
Some  patients  also  exhibited  non-T  cell  mediated  cytolytic  activity  agains 
line  as  well  as  cytotoxicity  against  a  second  pancreatic  tumor  cell  line  that  di 
express  MUC1.  These  data  indicated  that  a  variety  of  immunologically  rel 
markers  are  present  on  pancreatic  tumor  cells.  Despite  evidence  of  perip 
cytolytic  effector  cells,  however,  the  tumors  rapidly  progress  and  kill  the  pat 
We  hypothesized  that  the  tumors  themselves  may  defend  against  immune  £ 
by  producing  soluble  inhibitors  against  cytolytic  effectors  cells.  The  hypot 
was  tested  by  examining  the  effect  of  soluble  MUC1  on  cytolytic  effecto 
activity  in  vitro.  Soluble  MUC1  readily  inhibited  T  cell  mediated  cytotoxicity 
findings  suggest  that  our  patients’  defense  systems  readily  recognize  pane 
tumor  ceils  as  foreign  but  their  cytolytic  effector  cells  are  inhibited  from  erat 
ing  the  tumor  by  an  inhibitory  concentration  gradient  encountered  upon  appi 
to  the  tumor  site. 


#574  Induction  of  Determinant  Spreading  in  DR  11 01+  T  cells 
Peptides  Corresponding  to  HER-2  Helper  Epitopes  Results  in  a  Thl  Cyt 
Response.  Anderson,  B.W.,  Pollack,  M.S.,  Kudelka,  A.P.  and  loan 
C.G.  M.D.  Anderson  Cancer  Center,  Houston,  TX  77030. 

Determinant  spreading  involves  recognition  of  additional  autoantigenic  c 
minants  by  T  lymphocytes  other  than  the  priming  Ag  and  a  Th1/Th2  pyt 
response.  We  examined  the  ability  of  three  peptides  corresponding  to  F 
helper  epitopes  to  induce  determinant  spreading.  In  two  healthy  DR1101- 
nors  and  one  DR1101+  ovarian  cancer  patient,  intramolecular  spreading 
evident,  as  reflected  by  cell  growth  and  Thl  cytokine  responses  product 
PBMC  which  were  stimulated  by  a  different  HER-2  peptide.  High  levels  o 
gamma,  but  low  levels  of  IL-4  and  IL-10  were  found  in  cultures  stimulated 
and  3  times  with  alternative  peptides.  PBMC  responded  marginally  at  1st 
ulation  with  F7(776-789),  FI  2(449-464)  and  FI  3(884-899).  At  2nd  ^ 
stimulations,  only  cultures  induced  with  FI  3  showed  markedly  higher  resp 
to  F7  and  FI  2  than  cells  primed  with  the  same  peptide.  This  was  not  foi 
PBMC  from  a  DR  1 101-  healthy  donor.  FI  3  appears  to  be  dominant,  while  F 
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candidate  cryptic  epitope  in  inducing  a  Thl  response.  Intramolecular  spreadinq 

may  707d?^°=P  an  ant|-tumor  response  in  the  HER-2  antigen  system. 

Grant  DAMD1 797-17098.  _ _ _ _ 

#57.!L„«  CeHs.^il1  melanoma  by  mechanisms  that  are  independent  of 
Fas  (CD95).  Thomas,  W„  and  Hersey,  P.  Immunology  and  Oncology  Unit,  Division 

of  Surgery,  John  Hunter  Hospital,  NSW,  2310.  Australia 

Previous  studies  have  shown  that  CD4T  cells  are  associated  with  regression  in 
primary  melanoma  and  rejection  of  tumors  in  adoptive  transfer  models  The 
mechanism  by  which  they  mediate  their  antitumor  effects  remains  unclear  and  in 
some  studies  it  was  suggested  that  Fas  ligand  (FasL)/Fas  interactions  were 

inV0S  in  rn!  tToh  v,r  y,W®  !lave  examined  the  Atoxic  mechanism 
involved  in  CD4  T  cell  killing  of  melanoma  cells  and  in  particular  the  role  of 

FasL/Fas  interactions  in  this  killing.  We  show  that  the  CD4  T  cells  in  four  clones 
of  T  cells  induced  apoptosis  in  autologous  melanoma  cells  by  MHC  restricted 
mechanisms  but  lysed  an  allogeneic  melanoma  cell  by  a  non  apoptotic  mecha¬ 
nism.  Melanoma  cells  were  shown  to  express  both  Fas  and  FasL  but  killinq  of  the 
melanoma  cells  did  not  involve  Fas/FasL  interactions.  This  was  shown  by  lack  of 
correlation  between  Fas  expression  and  susceptibility  to  lysis  and  bv  failure  of 
Mab  to  Fas  to  block  killing  by  the  CD4  T  ceils  even  though  the  latter  expressed 
FasL.  Recombinant  FasL  also  did  not  induce  killing  of  melanoma  cells.  The  role  of 
FasL  on  the  melanoma  cells  and  basis  for  the  resistance  of  melanoma  cells  to 
FasL  remains  to  be  investigated. 

§5J6  Au?0l°9bus  tomor  cell  cytotoxicity  and  cytokine  biosynthesis  in  T 
cells  infiltrating  human  lung  cancers.  Ortegel,  J„  Staren,  E  Faber  P  Warren 
W„  and  Braun.  D.  Rush  Medical  College,  Chicago  IL  60612 
The  capacty  of  tumor-infiltrating  T  cells  (TIL)  from  lung  cancer  specimens 
(n-14)  to  develop  autologous  tumor  cytotoxicity  (ATC)  and  express  type  1  and 
assess®d  following  treatment  with  anti-CD3  antibodies  + 

^  m®asured  in  4  hr  s  Cr-release  assays  was  73.3±34  (lytic 

units/107  cells  (LU)  and  140.9±60  LU  following  culture  in  medium  or  CD3/IL2 
respectively  (p<0.0005).  Induction  of  ATC  was  independent  of  tumor  stage 
histopathology  leukocytes/gm  tumor  and  CD4:CD8  ratio.  Intracellular  type9 1 

^  flZ^met3  3nd^ype2  Cyt0kines  (IL6  and  IL10> were  no<  delated 

by?°"  cytometry  in  TIL  incubated  in  medium.  However,  within  6  hours  of 

fo?3/  mSI^U™cn'  CD8+  TIL  made  ,ype  1  cy,okines  (15-3  ±  5%  and  9.6±5% 
for  y-IFN  and  TNFa  respectively)  while  CD4+  TIL  made  both  type  1  and  type  2 

and  5  °±3%  f0r  rlFN’ ™F"'  and  lL6  respective 
!y).  Addition  of  IL6  to  TIL  cultures  stimulated  with  CD3/IL2  resulted  in  =*  50% 
reduction  in  ATC.  The  results  show  specific  T  cell  activat^sTnduce  ATC  in  m 
Iung  ca"cfrs  but  suggest  that  in  vivo  levels  may  be  limited  by 
duction  of  type  2  cytokines  within  the  tumor  microenvironment. 

.pf.77 _ i)ir®ct  eHec*01  tomor-derived  factors  In  the  downregulatlon  of 

IFN-y  production  by  CD4-I-  T  ceils  from  tumor  bearing  mice.  Chenq  X  and 
University  of  Miami  School  of  Medicine,  Miami,  FL  33136 
h!ZeJ 1hV®  previ°u®'y  described  that  T  cells  from  mammary  tumor  bearing  mice 
Sere  hIe?nU  PISdUCti°n  °' IFN'7-  A|toough  we  have  shown  that  tumor 
farfnrfh^pa!.  product,on  of  "-12,  we  investigated  whether  tumor 
ed  factors  had  a  direct  effect  on  IFN-y  production  in  normal  T  cells  and  itc 

whileeprFretref  mtnt  Wl,h  GM'CSF  suited  in  increased  IFN-y  levels  by  T  cells 
^d  CD8+rTec»?i  Ten*  ec,ually  decreased  the  levels  of  this  cytokine  in  CD4+ 
and  CD8+  T  cells  from  normal  mice.  Interestingly,  phosphatidyl  serine  iPSI 
downregu|ated  the  IFN-y  production  of  CD4+,  butnot  of  CDS+TceteMetS 
flank  ^  lyS'S  'nd'Cated  that  CpG  dinucleotide  in  SnaBI  site  of  IFN-y  5'  promoter 
tearer^nd^f  hyper|me,hy|ated in  CD4+  but  not  in  CD8+  Tcells  of  large  tumor 
dStTon  ™  n0rmal  m‘Ce  pr!,reated  wi,h  PS-  This  correlated  with  their  pro- 
sSft  f  FN'y  n?.easured  by  ELISA  and  RT-PCR.  Electrophoresis  mobility 
core  S,™9  30  olig°nucleot|de  probe  corresponding  to  the  IFN-y  promoter 

proLn  in  CO^TcPilf r  , 3  9r®fy  reduced  bindin9  °f  a  90  kD  nuclear 
protein  in  CD4+  T  cells  from  tumor  bearers  and  in  those  from  PS-oretreated 

arn  n%4+°T  "f  HSU99eSt  tha*  PS  iS  inv0,ved  in  the  9ene  do“ 
anon  in  CD4+  T  cells  during  mammary  tumorigenesis. 

SLj? SSS  activa,ion. of  NFkB  *"  T  “Us  from  a  subset  of  renal  cell 
p_  nomas  (RCC)  patients  involves  nuclear  degrading  of  RelA  Lino  W 

&nAP  ’RUr '  RvGoClark’  P  E  "  Blo0m’  T  -  Kim-  H.J.,  Hamilton /I^Tubbs,  FT ' 

Otyo  44795  Skl'  '  and  Fink6,  J'  CleVe'and  CliniC  foundation',  Cleveland 

oa^Tnomat  mccTbTnl'In  sup^r".*tant  ,luid  fr°m  explants  of  human  renal  cell 
activitv  in^^i?  S  b  u  no'  "ormal  kldney  suppressed  kB  motif-specific  binding 
‘ion  omPrTi  ,penph®ra  b  ood  T  lymphocytes  without  effecting  the  degrada-  i 
cells  cai  i«P  h  Nuclear  extracts  from  T  cells  cultured  with  RCC-S  but  not  control  I 
we  SGd  d!9radat,on  of  RelA  whi<*  was  blocked  by  protease  inhibitors  Here 
attributable^ to SSJ1? ,n  afSDutfet  of  patients  imPaired  NFkB  activation  may  be  , 

Patients  -  fnwh  d  *°n  ?f  R!  prote,ns  fo,lowin9  nuclear  localization.  In  these  ( 

curred  n™n7ai|10  T-h  st,mu,us'dePender>t  degradation  of  the  inhibitor  kBa  oc-  t 

bindinn  11,1)6  course  st"dies  demonstrated  that  in  6  of  10  cases  kB  j 

patfems  °pVhLWaS  n°!-  d!,ectable  at  anV  ,im®  ^amined.  However,  in  4  of  10 
ents  kB  binding  activity  was  detectable  within  30  minutes  but  at  reduced  c 
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Levh®If''n'hefe  pat|ents  ,DNA  binding  activity  was  transient  and  disappeared  after 

c  RerenrtfWFmmat'°ni'  lmreun°blottin9'  confirmed  the  transient  nature  of  RelA, 
el  and  NFkBI  nuclear  localization.  Mixing  experiments  suggest  that  RelA  is 

RelAexnrptdeH  •"  th®  ,nucleus  °f  patient  T  cells-  ‘mmunoblottteg  showed  that 
RelA  expressed  in  nuclear  extracts  of  normal  activated  T  cells  was  degraded 
when  incubated  with  nuclear  extract  of  patient  T  cells  (resting  or  actlvatedVwhich 
is  devoid  of  RelA.  Preliminary  studies  to  characterize  ihe  producUn  RCC  super 
natant  that  can  suppress  NFkB  activation  demonstrate  it  is  less  that  3000  kDa 
and  is  sensitive  to  neuraminadase  and  partially  sensitive  to  proteinase  K  These 
^d'ngs  su99est  that  a  tumor  product  maybe  the  mediator  of  impaired  NFkB 
tonofRelprore'ins' T  06 8  thr0U9h  3  mechanism  that  involves  nuclear  degrada- 

?f79.  Downreguiation  of  the  T  cell  receptor  (  chain  in  chronically  stimu- 
rw  *  ^CeJ  S'  GarSa  CS’  Zea  AH'  Correa  M  and  Ochoa  AC.  Stanley  S. 
Cen^ZToZns,^  ^0112°'  S,af®  ^Ity  Medica, 

Upon  antigen-induced  T  cell  activation,  the  T  cell  receptor  (TCR)  afl  het¬ 
erodimer  binds  the  peptide-MHC  complexes  while  the  (  chain  and  the  CD3 
complex  initiate  the  intracellular  signal  transduction  cascade.  The  TCR  then 

trrcsrrodr°n.fd  re-expressi°n  wi,wn « hours,  ch^sr 

Tnn°K  I  >  S  3  S°  lnduces  the  cycle  of  internalization  ans  re-expression  of  the 
TCR  but  it  is  accompanied  by  a  persistent  decrease  in  the  expression  of  the  l 
chan  which  Is  evident  as  long  as  the  stimulus  is  present.  This  treatment  also 

stfmuH  r"er9y,W,,h/ '° -S  °f  ,h®  capaci*y  of  ‘hese  cells  to  proliferate  to  further 
mnUv-  |W®  developed  an  in  vitro  model  to  study  the  mechanisms  involved  in  the 

iTted  wrth  OKT3  Tnrih  HCHd  by,Chn°?!C  stimulation  “sing  Jurkat  T  cells  stimu- 
esult^d  in  n°g?r^y  ^  \  °  °niC  stimulation  Jurkat  with  OKT3 
Ik  decreased  expression  of  (  chain  which  persisted  for  at  least  8  days 

Rpmnwaf  0f  CD3£  chain  W3S  similar  to  n°rmal  levels  by  day^’ 

hori^r3  reSU,6d  -nthe  recoveiY  of' the  £  chain  expression  within  48 
hours.  Sequential  immunoprecipitation  with  OKT3  and  anti-f  antibodies  resoec- 
tively  suggest  that  the  downmodulation  of  the  (  chain  in  chronically  stimulated 
Jurkat  T  cells  includes  the  f  chain  complexed  to  the  TCR.  Taken  together  these 
‘“hat  chroni ^c  stimulation  of  Jurkat  cells  can  be  a  valuable  in  vitro 
cancer  pattents  6  al,era,lons  in  signal  ‘ransduction  molecules  seen  in  some 

#580  FasL-mediated  monocyte-dependent  CD4+  T  cells  apoptosis  in 
breast  cancer  patients  following  stem  cell  transplantation.  James  E.  Tal- 
tendAn  Riktsh  Siagh'  Michelle  L-  Varney,  Suleyman  Buyukberber,  Kazuhiko 
MedicatienteMrNEX68 19?’  ™°'  Unive^  ^  Nebraska 

inJrif.T^^r  °f  pe,r^her,al  ‘o'orence  in  cancer  patients  has  not  been  exam- 
y®dtodate.  We  report  the  role  of  Fas-FasL  interactions  in  monocyte-dependent 
apoptosis  by  using  a  multicolor  flow  cytometric  analysis  including  a  TUNEL 
assay  for  apoptosis.  Our  data  demonstrate  that  T  cell  apoptosis  is  siqnificantlv 

chlmnt^rT  thrtmPhwal  b'00d  of  breast  cancer  Patients  following  high  dose 
chemotherapy  (HDT)  and  penpheral  stem  cell  transplantation  (PSCT)  CD4+  Tcell 
apoptosis  is  significantly  higher  than  that  of  CD8+  T  cells  and  is  associated  with 

dentetinnnTrn/3?  (C?95/APCM)  exPression  on  these  cells.  The  preferential 
,of  C?4+T  calls  ,may  contribute  to  the  inversion  of  the  CD4:CD8  ratio 
of  «  patients  following  HDT  and  PSCT.  A  significantly  increased  frequency 
°  rim°,  °Cy,faKndFaS'L  expression  monocytes,  parallels  T  cells  apoptosis 
and  sug9ef,s  ‘hat  the  monocyte-associated  FasL  expression  results  in  the  se- 
^deple  ion  of  C047  T  cells.  We  suggest  that  this  is  an  important  mechani^ 
HDT  ai^d  PSCT"16"  °  perlpheral  *olerance  in  breast  cancer  patients  following 

J2J  ceBs’ F.Snura  u  l,Ulif  FaS  Hgand  exPression  by  human  and  mouse 
mT  r  wiiw  u"  Harshberger.  P-.  Shurin,  G„  Barksdale,  E„  and  Lotze, 

M.T.  University  of  Pittsburgh,  Pittsburgh,  PA  15261. 

,,  Fa® ''3and  (FasL)-mediated  induction  of  programmed  cell  death  (apoptosis)  in 

eoiJarinn  nf  T  eXmSS  recep,0r  (Fas)  is  a  na,ural  mechanism  for  down 
nf  ploi  wf  the'r?n['une  response.  Evasion  of  an  immune  attack  by  expression 
«Fth»  £  ?d  pr°i®'n  ha®  been  demonstrated  for  “immune  privlleged”organs  such 
rnmnr  .-'fif i'S  3n?  ®y®-  ,W®  screened  a  variety  of  human  and  mouse  malignant 
Ixoress fLsI expressionDto  test  the  hypothesis  that  tumor  cells  ban 
®xp  ®fs  Fas,L  and  k'l|  lymphocytes.  Reverse-transcription  of  tumor  cells  RNA  into 

ofeSr  PNn.  cGNA)  followed  by  polymerase  chain  reaction  (PCR)  am¬ 
plification  of  FasL  cDNA  demonstrated  the  presence  of  FasL  mRNA  in  all  human 

Scertain^thH'?h  Ce«f  ff^-  Expression  of  FasL  protein  in  the  same  cells  was 
im  hLf®  Wes,e.m  blotting  technique  using  tumor  cell  lysates.  Every 
e«  o(  fh  f  ed  W3S  P°Sltlv® for  high  levels  of  FasL  Protein  expression  regard- 
1®S®  ,°' tb®. tumor  s°urce-  This  includes  renal  cell  carcinoma,  lung  carcintma. 
hepatoblastoma,  osteosarcoma,  cervical  carcinoma,  lymphoma,  melanoma  and 
neuroblastoma  among  others.  The  same  celis  were  also  shown  lo  expresT  abTn 
,tnLFa,SL  pr°tein  us,ng  flow  cytometry.  However,  flow  cytometry  results  located 
k  rnntL  ,ntracellular  compartment  and  not  on  the  cell  surface.  This 

'y“n‘^®d  ,b.  Fas  expression  by  tumor  cells  which  was  readily  detected 
extracelluiariy.  Finally,  tumor  cells  were  able  to  kill  a  Fas-sensitive  Ivmohocvtic 
cell  line  in  a  JAM  assay.  All  together,  the  data  demonstrate  an  abundant°FasL 


